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Description 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001] The present invention relates generally to the prevention and treatment of AIDS, and to methods and compo- 
sitions for the priming of specific cytotoxic T-lymphocyte (CTL) responses in vivo. Methods for the identification of can- 
didate substances, typically polypeptides, for use in the preparation of CTL vaccines are described. Peptide 
w formulations are disclosed which enhance the systemic distribution, activity, and longevity of anti-viral cytotoxic T cells, 
and/or which protect human cells from HIV infection. 

2. Description of the Related Art 

is [0002] AIDS was first recognized in the United States in 1 981 ; the number of cases has been increasing at a dramatic 
pace since then. Since 1978 more than 2.4 million AIDS infections have been reported in the United States, alone 
(Rees, 1987). Once significant immunosuppressive symptoms appear in an infected individual, the expected outcome 
of the infection is death. There is currently no known treatment that can indefinitely delay or prevent the fatal conse- 
quences of the disease. Although the disease first manifested itself in homosexual or bisexual males and intravenous 

20 drug abusers, it has now spread to others by means such as intimate sexual contact with or receipt of blood products 
from a carrier of the virus. 

[0003] The causative agent, associated with AIDS has been identified as a group of closely related retroviruses com- 
monly known as Human T Cell Lymphotrophic Virus-type III (HTLV-III), Lymphadenopathy Viruses (LAV). AIDS-Related 
Viruses (ARV), or more recently named Human Immunodeficiency Virus (HIV). These viruses will be collectively 

25 referred to herein for convenience as HIV. 

[0004] Like other retroviruses, HIV has RNA as its genetic material. When the virus enters the host cell, a viral enzyme 
known as reverse transcriptase copies the viral RNA into a double stranded DNA. The viral DNA migrates to the nucleus 
of the cell where it serves as a template for additional copies of viral RNA which can then be assembled into new viral 
particles. The viral RNA can also serve as messenger RNA (mRNA) for certain viral proteins, including the viral core 

30 proteins p18, p24 p13, and reverse transcriptase. RNA may also be "spliced" into specific viral mRNAs necessary to 
produce several other viral proteins including two glycosylated structural proteins known as gp41 and gp120 which are 
inserted in the outer membrane of the virus (Wain-Hobson et a!., 1985). Purified gp120 is known to induce antibody in 
the goat, horse and rhesus monkey that neutralizes HIV in lab tests (Robey et al., 1986). 

[0005] Vaccines have been used for many years to prevent infections caused by agents such as viruses. The general 
35 approach has been to inject healthy individuals with, for example, a killed or modified virus preparation in order to prime 
the individual's immune systems to mount an assault on the infecting virus. Recent advances in recombinant DNA tech- 
nology have allowed safer methods of vaccination that involve use of exposed viral components produced by microbial 
systems. After sufficient purification, the viral component, for example, a protein sub-unit, is administered as a vaccine 
in a suitable vehicle and/or an adjuvant. The latter stimulates the host's system in a way that improves the immune 
40 response to the viral subunit 

[0006] Another potential method of making a vaccine is by using chemically synthesized peptide fragments of a viral 
protein subunit. This method has several advantages over the other methods of producing vaccines, including purity of 
the product, reproducibility and specificity of the immune response. 

[0007] Surface antigens of an infecting virus can elicit T cell and B cell responses. From the work of Milich and cow- 
45 orkers (Milich et al.. 1986; Milich & McLachtan, 1986) it is clear that some regions of a protein's peptide chain can pos- 
sess either T cell or B cell epitopes. These epitopes are frequently distinct from each other and can comprise different 
peptide sequences. Other examples include the work of Maizel et al., (1980) for hen eggwhHe lysozyme, and Senyk et 
al., (1971) for glucagon. Thus, short stretches of a protein sequence can elicit a T ceil response but not a B cell 
response. A more complete review of these and other observations pertinent to this point is included in the work of Liv- 
50 ingstone & Fathman (1987). 

[0008] A short peptide region within the surface protein of infectious Hepatitis B virus has been shown to elicit only a 
T cell response in mice (Milich et al., 1986). Specifically, a synthetic peptide, whose sequence is derived from amino 
acids numbered 120-132 located within the pre-S(2) domain of the Hepatitis B surface antigen gene, elicited a very 
strong T cell priming response to the peptide but stimulated only a very weak antibody response. In other words, mice 
55 mounted a poor antibody response to that peptide, but the T cells of immunized mice were efficiently primed (i.e. acti- 
vated) to recognize that peptide as measured in T cell proliferation assays (Milich et al., 1986). The low level of the anti- 
body produced by mice immunized with this peptide did not bind to the native viral surface antigen. 
[0009] In contrast to the above-described results, a second peptide sequence (amino acids 132-145) elicited a very 



3 




EP0 671 947 B1 



weak T-cell response in mice (Milich et al., 1986). This second peptide did, however, efficiently bind antibody raised 
against it under conditions where a T cell epitope is provided. 

[001 0] Mice were also immunized with a longer peptide made up of both of the above-mentioned T- and B-active pep- 
tide sequences. In this case, high titers of antibody were produced against the B site peptide but not the T site peptide. 

5 The combination of both T and B sites within one peptide should stimulate both T and B cell responses, as measured 
by producing a specific antibody to the B cell epitope of the peptide chain. Synthetic peptide antigens may be con- 
structed to produce two types of immune responses: T cell only and T cell combined with a B cell response. * 
[001 1 ] Cellular immune responses provide a major mechanism for reducing the growth of virus-infected cells (Doherty 
et al., 1985). A report by Earl et al., (1986) demonstrated T-lymphocyte priming and protection against the Friend virus 

w (a retrovirus)-induced mouse leukemia by a viral surface protein vaccine. Direct evidence for the role of a subset of T- 
lymphocytes (OKT8/LEU2 positive) in suppressing HIV growth in vitro was recently obtained by Walker et al. (1986). 
This study further demonstrated that, after depletion of CD8 + T-lymphocytes from the blood of HIV-infected individuals, 
large quantities of HIV were isolated from peripheral blood mononuclear cells of four of seven asymptomatic, seropos- 
itive homosexual men who were initially virus-negative or had very low levels of virus. Thus, the CD8 + cytotoxic T-lym- 

is phocytes (CTLs) may play a role in virus infected individuals to prevent HIV replication and disease progression. 
[0012] The concept of identifying T-cell epitopes in proteins for inclusion in potential vaccine candidates has gained 
importance as a result of the demonstration by Townsend et al. ( 1 986) that CTL epitopes of influenza nucleoprotein can 
be defined by short synthetic peptides. However, to date there are only three documented cases (Deres et al., 1989; 
Aichele et al., 1990; Kast et al., 1991) that describe the use of synthetic peptides in the in vivo priming of CTLs, these 

20 relate to influenza, Sendai and lymphocyte choriomeningitis viruses. In each of the above cases, the immunization pro- 
tocols are cumbersome, require either modifications of peptides or many immunizations to be carried out to demon- 
strate CTLS, and do not lend themselves to the rapid screening of a large number of candidate substances. For 
example, the method of Aichele and colleagues (1990) involves three immunizations at one week intervals by the sub- 
cutaneous route, and takes four weeks before potential CTLs are obtained for assaying. 

25 [001 3] Candidate CTL epitopes in both structural and regulatory HIV proteins have been proposed (Takahashi et al., 
1 988; Nixon et al. , 1 988) but none of these have been shown to be capable of inducing virus-specific CTLs in vivo (Ber- 
zofsky, 1991). For example, although the peptide RIQRGPGRAFVTIGK has been identified as a CTL epitope (Taka- 
hashi et al., 1988), in these studies the in vivo induction of RIQRGPGRAFVTIGK-specific CTLs was accomplished by 
infecting Balb/c mice with recombinant vaccinia virus expressing HIV env proteins (Takahashi et al., 1988) and 

30 attempts at immunization with free peptide have been unsuccessful (Berzofsky, 1 991 ). Hart et al. (1 991 ) were also una- 
ble to generate CTL responses on immunization with a single peptide having the CTL epitope sequence, 
CTRPNNNTRKSIRIQRGPGRAFVTI. 

[0014] The mechanisms underlying the induction of peptide-induced CTL responses in vivo are not yet fully under- 
stood. For instance, Gao et al (1 991 ) reported that the addition of a T helper determinant to a CTL determinant, to cre- 
35 ate a hybrid peptide, did not enhance CTL generation against influenza virus. These results suggest that the induction 
of T helper cell activity is not specifically required for effective CTL generation, although the same studies showed that 
depletion of CD + cells inhibited CTL generation in response to peptides. 

[0015] Thus, there remains a need for both the development of techniques for the rapid identification of CTL epitopes 
that have the ability to induce a specific CTL response in vivo, and for the optimization of CTL induction. Previous assay 

40 methods for the identification of CTL-inducing epitopes that will function in vivo have suffered a number of drawbacks. 
The most notable of which are: the requirement for multiple injections of the material to be tested, a wait of up to 3 
weeks or longer to determine whether the substance had a positive effect on CTL response, and the general need to 
include a modifier with the substance being tested in order to elicit a response. Clearly, a rapid method for the delinea- 
tion of peptides with an in vivo CTL inducing capacity is of vital importance in the design of preventative and therapeutic 

45 strategies in relation to a wide variety of diseases. 

[0016] The art currently also lacks an effective method of producing a systemic, long-lived and high level CTL 
response following peptide immunization. The development of a method to enhance the generation and systemic dis- 
tribution of anti-viral CTL cells, in animals or humans, would be of great advantage in the development of vaccines 
against infectious viral agents. Not only would such a method be an important weapon for use against viruses, including 

50 AIDS and influenza, but it would also be applicable to vaccination against other agents such as parasites. 

[0017] Although it the gp120 V3 loop region is known to be essential for HIV-1 entry into cells (Travis et al.. 1991 ; 
Freed&Riser, 1987; Freed efa/., 1991), this knowledge has yet to lead to the development of an effective clinical strat- 
egy to prevent HIV infection. V3<lerived synthetic peptides have been reported to inhibit syncytium formation between 
the HIV-1 infected cells, but only at concentrations of 1 00-300 jiM (Kbito er al. , 1 989). In contrast, De Rossi et al. (1 991 ) 

55 reported that V3-derived synthetic peptides actually enhanced HIV-1 infection of cells through a CD4-dependent mech- 
anism. Therefore, in addition to the distinct lack of a suitable vaccine against HIV, there are also currently no effective 
means for arresting viral infection and for preventing disease progression in HIV-infected individuals. 
[0018] Berzofsky (1991) suggests an artificial HIV vaccine comprising antigenic epitopes that elicit neutralizing anti- 
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bodies, helper T cells and CD8 + cytotoxic T cells. 

[001 9] Gao et al. (1 991 ) describe that immunization with a hybrid peptide incorporating a CTL epitope and a T helper 
cell epitope does not result in enhancement of CTL responses when compared to a CTL response by the CTL peptide 
alone. 

5 [0020] Berzofsky et al., AIDS Research and Human Retroviruses, Annual Meeting of the National Cancer Institute 
Laboratory of Tumor Cell Biology, Maryland. US, August 11-17, 1990, Vol. 7, New York, p. 144 describe the presence 
of a CTL and a T helper cell epitope on the same peptide, i.e., not on separate peptides, and does not mention the inclu- 
sion of a separate HIV infection-inhibiting peptide. 

[0021] EP-A-0 433 242 is concerned with the induction of neutralizing antibodies and specifically the stimulation of 
w antibody-inducing Th2 helper cells, but not the use of separate peptides having different functions. 

[0022] WO 91/04045 discloses a peptide multimer for use in inducing a cytotoxic T cell activator towards native HIV 
protein. 

SUMMARY QF THE INVENTION 

15 

[0023] The present invention addresses one or more of the foregoing or other disadvantages in the prior art by pro- 
viding several novel compositions and methods for eliciting immune or anti-infective responses. The invention provides 
specific compositions and methods for immunization against viral diseases, and in particular, for immunization against 
HIV. The improved immunization compositions, or vaccines, of the invention comprise synthetic peptide combinations 

20 which enhance the systemic distribution, level of activity, and longevity of virus-specific cytotoxic T cells (CTLs). 

[0024] The present invention provides therapeutic compositions and methods for use in inhibiting HIV infection. The 
therapeutic formulations of the invention comprise synthetic peptides which function to protect human cells from HIV 
infection. The present invention therefore widely encompasses anti-viral, and particularly anti-HIV, compositions which 
have both preventative and therapeutic applications. 

25 [0025] Immunization and assay methods for the rapid and sensitive screening of a large number of candidate com- 
pounds, such as peptides, to identify those having the ability to specifically prime a CTL response, and therefore most 
appropriate for use in therapeutic compositions such as CTL-inducing vaccines are also described. This aspect gener- 
ally concerns methods and compositions for the identification of vaccine components which have the ability to specifi- 
cally prime CTLs to render them reactive against cells harboring infectious agents such as viruses, including HIV and 

30 influenza viruses. 

[0026] Regarding the enhancement of CTL responses, the present invention concerns compositions and methods for 
enhancing the CTL response of an animal to a given immunogen, and particularly to a CTL-inducing peptide. A CTL- 
inducing peptide is a peptide, bearing a CTL-inducing epitope, which is capable of stimulating the formation, or increas- 
ing the activity, of specific cytotoxic T cells following its administration to an animal. The term "enhancing the CTL 

35 response", is used herein to encompass improvements in all aspects of the CTL response, such as, for example, 
improving the systemic distribution, level of activity, and longevity of the response to CTL-inducing peptides. 
[0027] The composition of the present invention for enhancing a CTL response to an immunogen, such as a peptide, 
involves the addition of a composition including a separate and distinct class of peptides to the immunization mixture 
that possess T helper cell-inducing activity. To achieve enhancement of the CTL response in this manner one would 

40 therefore administer to the animal, in addition to the immunogen itself, an immunologically effective amount of a peptide 
bearing a T helper cell epitope. 

[0028] A method of identifying a candidate substance capable of enhancing a CTL response is also described. To 
identify such an enhancing substance, such as a peptide, one would administer to an animal both the candidate sub- 
stance and an immunogen capable of inducing a CTL response. The CTLs would then be recovered from the animal 
45 and their activity, including systemic distribution and longevity, would be determined. A candidate substance capable of 
enhancing a CTL response would be identified as a substance that increased the CTL response, using any of the above 
parameters, over that observed in the presence of the immunogen alone. 

[0029] The immunization methods described herein are generally applicable to enhancing CTL responses towards 
immunogens from any source, including those from a wide variety of infectious agents such as viruses or parasites. 
so However, in preferred embodiments, the present disclosure is exemplified by enhancing the CTL response against com- 
ponents of the HIV viral family. CTL responses may be generated against epitopes located within the products of any 
viral gene, such as, for example, the gag, po/, nef and env genes, with the products of the env genes being preferred 
targets. 

[0030] Any one of a wide variety of peptide sequences may be employed as a CTL-inducing epitope in accordance 
55 with the present invention. These include the peptides listed in TABLE 1, which is. of course, an exemplary and not 
exhaustive list. In preferred embodiments, it is contemplated that peptides from the env (envelope) gene product, and 
more preferably, those derived from the V3 loop of HIV gp120, will be employed as CTL-inducing peptides. An exem- 
plary list of V3 loop peptides from a variety of HIV-1 isolates is provided in TABLE 2. A specific example of a V3 loop- 
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derived peptide found to be successful in generating CTL responses is the peptide R1 5K, having the sequence RIQRG- 
PGRAFVTIGK (seq id no:1). 
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TABLE 2 



SYNTHETIC PEPTIDES FROM THE V3 LOOP OF VARIOUS HIV-1 
ISOLATES 


PEPTIDE NO. 


STRAIN 


SEQUENCE 


D23(24aa) 


MN 


YNKRKRIHIGPGRAFYTTKNNIGC 


D24(15aa) 


MN 


R f H IGPG R AFYTTKN 


D25(15aa) 


WMJ-3 


SLS IGPG RAP RTREI 


D26(24aa) 


RF 


NNTRKSITKGPGRVIYATGQIIGD 


D27(15aa) 


NY-5 


GIAIGPGRTLYAREK 


D28(15aa) 


RF 


SITKGPGRVIYATGQ 


D29(15aa) 


CDC4 


RVTLGPG RVWYTTGE 


D30(15aa) 


SC 


SIHIGPGRAFYATGD 


D31(15aa) 


Z3 


S 1 R IG PG KV FTAKGG 


\JOd.\ lOcLa) 


Ort 


oi T imrunnrn i i \J n 


D33(15aa) 


MAL 


G 1 H FGPGQ ALYTTG 1 


D34(15aa) 


Z321 


SISIGPGRAFFATTD 


D35(15aa) 


Z6 


STP IG LGQ ALYTTRG 


D37(15aa) 


JY1 


STP IG LGQ ALYTTR 1 


D38(15aa) 


ELI 


RTPTGLGQSLYTTRS 


D39(15aa) 


MN(Y-L) 


RIHIGPGARFLTTKN 


D40(15aa) 


MN(Y-F) 


RIHIGPGRAFFTTKN 


D44(15aa)(R15K) 


IIIB 


RIQRGPGRAFVTIGK 



35 [0031] Various methods are available to identify T helper cell-inducing epitopes suitable for use in accordance here- 
with. For example, the amphipathicity of a peptide sequence is known to effect its ability to function as a T helper cell 
inducer. In preferred embodiments, it is contemplated that one would wish to employ a T helper cell-inducing epitope 
having an amphipathicity value of from about plus 10 to about plus 20. Other quantifiable characteristics include, for 
example, having an alpha helix turn of 100 ± 15 degrees, or a 3 10 helix turn with 120 ± 15 degrees. In embodiments 

40 relating specifically to HIV, T helper cell-inducing peptides including sequences derived from an HIV gp120 sequence 
which have an amphipathicity value within the above range will be preferred. 

[0032] Again in relation to HIV, the use of peptides containing the sequence C R I KQ 1 1 NM WQGVG KAM YA (C1 9A, seq 
id no:2) is preferred as this peptide was found to be particularly effective at enhancing CTL responses. However, pep- 
tides including other T helper cell-inducing epitopes may be employed. A full discussion of T helper call-inducing 
45 epitopes is given in U.S. Patent 5,128,319. 

[0033] Related embodiments of this invention concern compositions for effecting improved CTL responses. Such 
compositions will generally include at least three peptides, the first of which will contain the CTL-inducing epitope 
against which the immune response is specifically desired, and second of which will comprise an HIV infection-inhibit- 
ing peptide sequence that inhibits the entry of HIV to a target cell, and the third of which will comprise a T helper cell- 
so inducing epitope. Naturally, a combination of such a composition in which the peptides are dispersed in a pharmaco- 
logically acceptable vehicle would be an ideal formulation for use as a vaccine. 

[0034] The identification of synthetic peptides which protect human cells from HIV-1 infection is also described herein. 
Such inhibitory peptides may be employed to inhibit HIV infection of cells, for use, for example, in assay protocols and 
as therapeutic agents for use in the treatment of AIDS. 
55 [0035] As used herein, the term "HIV infection-inhibiting sequence" refers to a peptide sequence which prevents entry 
of the HIV virus into its target cell. As such, an inhibitory peptide may be characterized as including a peptide sequence 
that is involved in the infection process, or that functions to contact the target cell. Infection-inhibiting peptides particu- 
larly include peptides that comprise a sequence wherein antibodies against that sequence are capable of inhibiting HIV 
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cellular infection. 

[0036] The present invention discloses that synthetic peptides with sequences derived from the HlV-1 env gene prod- 
uct, gp120, have the capacity to inhibit HIV cellular infection. In particular, the inventors have identified HIV infection- 
inhibiting sequences within the V3 loop and at the N-terminal regions of gp120. It is also contemplated that HIV infec- 

5 tion-inhibiting sequences may prove to be located within the CD4 binding region. 

[0037] In preferred embodiments, the inventors contemplate the use of HIV infection-inhibiting peptides with 
sequences derived from the gp120 V3 loop. As detailed herein, peptides found to be of use in this regard include, for 
example, those peptides of TABLE 11, and particularly, peptides D23. D24, D25, D26, D30. D35, D38, D39, D40 and 
D44 (R15K), the sequences of which are shown in TABLE 11 A. These peptides have sequences derived from the V3 

10 loops of a variety of strains such as mn, rf, wmj-3, sc, z6, eli, mn (y-l) and mn (y-p). Preferred V3-derived infection-inhib- 
iting peptides are contemplated to include those listed in TABLE 11 A, and those such as R15K, having the sequence 
RIQRGPGRAFVTIGK (seq id no:1), and also N24G, having the sequence NNTRKSI RIQRGPGRAF VTIGKIG (seq id 
no:3). 

[0038] An important aspect of the present invention is the discovery that peptides with sequences that correspond to 
15 sequences from a variety of different HIV isolates have the ability to inhibit HIV infection of cells. Further to those shown 
in TABLE 11 A, these peptides include, for example, H13N (HIGPGRAFYTTKN, seq id no:7), a V3-loop peptide from 
HIV-1mn strain, and T13Q (TKGPG RVIYATGQ, seq id no:6), a V3-loop peptide from HIV-1rf strain. However, in regard 
to TABLE 1 1 , it is important to note that this data was compiled from assays specifically directed to inhibiting infection 
by one HIV strain, namely HIV-1 IIIB. Therefore peptides such as D27, D28, D29, D31 , D32, D33, D34 AND D37, listed 
20 TABLE 1 1 B, which may not show activity in one specific inhibitory assay may still have utility in preventing the infection 
of target cells by a variety of other HIV strains, for example, against HIV strains ny-5, rf, cdc4, z3, sf2, mal, z321 and jy1 . 
[0039] The inventors have also identified peptides from the gp120 N-terminus, such as E13V, having the sequence 
EQLWVTVYYGVPV (seq id no:4), as infection-inhibiting peptides. This is an important finding as this area of gp120 is 
known to be relatively conserved between different HIV strains. 
25 [0040] It should also be noted that smaller peptides which include portions of these sequences, such as, for example, 
R8K, having the sequence RAFVTIGK (seq id no:5), have also been identified as having infection-inhibiting sequences. 
As such, smaller peptides and peptide fragments are considered to be useful in accordance herewith and to be within 
the scope of this invention. 

[0041] The infection-inhibiting peptides of the present invention may include natural, or engineered, sequence varia- 
30 tions and yet still function to prevent HIV entry into cells. As such, the biological functional equivalents of the peptides 
in TABLES 1, 2 and 1 1, and peptides such as R15K, N24G, E13V, H13N and T13Q, are also considered to fall within 
the scope of the present invention. 

[0042] Such biological functional peptide equivalents may include changes based upon hydropathic index of amino 
acids. It is believed that the relative hydropathic character of the amino acid determines the secondary structure of the 

35 resultant protein or peptide, which in turn defines its interaction with other molecules, such as for example, receptors, 
antibodies, and the like. It is generally known that certain amino acids may be substituted for other amino acids having 
a similar hydropathic index or score and still result in a peptide with similar biological activity (Kyte & Doolittle, 1982). 
[0043] The hydropathic indices of the amino acids are: isoleucine (44.5); valine (+4.2); leucine (+3.8); phenylalanine 
(+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryp- 

40 tophan (-0.9); tyrosine (-1.3); proline (-1 .6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); aspar- 
agine (-3.5); lysine (-3.9); and arginine (-4.5). Biological functional equivalents are considered to be those peptides 
which include the substitution of amino acids whose hydropathic indices are within ±2, and more preferably, within ±1 , 
and even more preferably, within ±0.5. 

[0044] Substitution of like amino acids can also be made on the basis of hydrophilicity, particularly where the biolog- 
45 ical functional equivalent protein or peptide thereby created is intended for use in immunological embodiments, as is 
the case for the present invention. U.S. Patent 4,554,101 states that the greatest local average hydrophilicity of a pro- 
tein, as governed by the hydrophilicity of its adjacent amino acids, correlates with its immunogenicity and antigenicity, 
i.e. with a biological property of the protein. 

[0045] As detailed in U.S. Patent 4,554, 1 01 , the following hydrophilicity values have been assigned to amino acid res- 
so idues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 ± 1); glutamate (+3.0 ± 1); serine (+0.3); asparagine (+0.2); 
glutamine (+0.2); glycine (0); proline (-0.5 ± 1); threonine (-0.4); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methio- 
nine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). Simi- 
larly, biological functional equivalents are considered to be those peptides which include the substitution of amino acids 
whose hydrophilicity values are within ±2, and more preferably, within ±1 , and even more preferably, within +0.5. 
55 [0046] As outlined above, amino acid substitutions are generally therefore based on the relative similarity of the amino 
acid side-chain substituents, for example, their hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary sub- 
stitutions which take various of the foregoing characteristics into consideration are well known to those of skill in the art 
and include: arginine and lysine; glutamate and aspartate; serine and threonine; glutamine and asparagine; and valine, 
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leucine and isoleucine. 

[0047] In addition to the specific sequences described above, and their biological functional equivalents, other 
sequences may be employed as HIV infection-inhibiting peptides. For example, as mentioned above, it is contemplated 
that any sequence where anti-peptide antibodies against that sequence have been shown to inhibit viral entry into cells 
5 will be a suitable HIV infection-inhibiting peptide for use in accordance herewith. The advantages of the present inven- 
tion include the demonstration that such peptides can function effectively at low concentrations, such as from between 
about 1 jig/ml to about 1 ng/ml. 

[0048] In any event, in light of the present disclosure, candidate sequences with the potential to function as HIV infec- 
tion-inhibiting peptides can now be identified and tested. Such candidate peptides will likely include sequences located 

10 within the gp120 V3 loop or N-terminal region, or even within the CD4 binding region of gp120. and preferably, will be 
sequences against which antibodies have been raised and have been shown to inhibit or reduce HIV cellular infection. 
Candidate sequences may be synthesized as peptides and tested for the ability to inhibit HIV cellular infection. 
[0049] As discussed above, in the compositions of the present invention, peptide(s) containing CTL-inducing 
epitope(s) plus HIV-infection-inhibiting sequence(s) may be combined with peptide(s) including T helper cell-inducing 

15 epitope(s) to create immunization, or vaccine, formulations. In regard to peptide cocktails for immunization, the use of 
peptides with sequences which correspond to the more conserved areas of HIV gp120 is generally preferred. Addition- 
ally, and specifically relating to HIV, the CTL-inducing peptide(s) may be combined with HIV infection-inhibiting 
sequence(s) as therapeutic formulations. 

[0050] However, and importantly, compositions comprising all three of the distinct classes of peptide identified herein 
20 are also contemplated by the present invention. Such a single formulation would be capable of preventing infection of 
human cells by HIV-1 and of inducing HIV-1 specific CTL responses. Since all of these formulations are completely syn- 
thetic and defined, these reagents will be both economical and safe. 

[0051 ] Naturally, any one of the peptides may have more than one immunological activity. This phenomenon is exem- 
plified by the peptide R15K which has CTL-inducing and infection- inhibiting properties. In the most preferred embodi- 
es ments, it is contemplated that peptides which do not induce the significant production of antibodies that bind to native 
HIV will be employed. In addition to being used directly as monomers, the peptides of the present invention may also 
be formulated as polymers or lipid-tailed peptides. 

[0052] Methods for assaying a composition for its ability to induce a cytotoxic T cell (CTL) response in an animal are 
also described herein. Related to this, are methods for assaying a composition for its ability to enhance a CTL response 

30 induced by a distinct component. These screening methods include generally immunizing an animal, such as a human 
subject or an experimental animal such as a mouse, rat, rabbit, guinea pig, goat, rhesus monkey, or chimpanzee, there- 
after collecting cells from lymph nodes or other lymphoid tissue from the animal, and then testing the tissue for the pres- 
ence of CTLs that are primed to kill or lyse cells producing a component of an infectious agent, such as a viral envelope, 
core protein, one of the functional proteins (e.g., reverse transcriptase) or the like. 

35 [0053] Thus, this method includes generally three steps, with the first step involving immunizing an animal with the 
composition to be tested. While it is believed that any accepted mode and route of immunization can be employed and 
nevertheless achieve some advantages in accordance herewith, the inventors have found particular advantages to be 
associated with intradermal immunization, intradermal immunization is believed to be preferred because it serves to 
activate more efficiently the cell mediated arm of the immune system. Moreover, although where desired one may 

40 choose multiple injections of the immunizing substance, and even multiple sites of injection, the inventors have found 
that a particular advantage of the invention is that a single injection of the candidate will usually be sufficient to achieve 
detectable CTL activation in a nearby lymph node. Furthermore, although where desired one may employ immunization 
modifiers such as T-helper cell peptide sequences, lipid structures that induce micelle formation, peptide polymerization 
methods, or the like in association with the candidate composition, the inventors have found that the sensitivity of the 

45 assay is such that the use of such modifiers will generally not be required in order to achieve CTL priming. 

[0054] Once immunization has been effected, it will then be necessary to recover cytotoxic T cells from lymphoid tis- 
sue of the immunized animal. The preferred lymphoid tissue will be lymph node tissue, and most preferably tissue from 
draining lymph nodes proximal to the site of injection. As used herein, the word "proximal node" is intended to refer to 
the node or nodes that are located proximal to the site of injection, e.g. the popliteal node of the mouse following foot 

so pad injection. It is believed that the use of proximal or draining nodal tissue to identify CTL activation is one reason for 
the rapidity of the more preferred aspects of the present disclosure. Such nodes are physically located in the proximity 
of the immunization site, or in the area draining the site of immunization, and also included are those draining nodes 
that are physically at a greater distance from the immunization site. 

[0055] The final step of the assay in its most general sense involves determining whether said cytotoxic T cells have 
55 been activated by the composition. Although it is not generally required, it will typically be preferred to actually measure 
the level of activation, through, e.g., radioactive chromium-release assays, or other radioisotope assays, or single cell 
assays; also single cell cytotoxic assays using vital stains and/or cell-sorters could be employed. 
[0056] Where measurement of activation of cytotoxic T cells is desired, a preferred method involves contacting a Kill- 
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ing effective amount of said cytotoxic T cells with MHC-matched target cells that exhibit the candidate epitope on their 
cell surfaces; maintaining said contact for a time period sufficient for said cytotoxic T cells to lyse said target cells; and 
determining the degree of T cell-mediated lysis of said target cells. However, any method capable of detecting a specific 
CTL response may be employed, including but not limited to chromium-release assays, single-cell assays or even 

5 determination of cell-cell conjugates. 

[0057] An advantage of the present technique is the speed with which one is able to determine the ability of the can- 
didate substance to activate CTLs. Prior techniques have generally required a wait of a few weeks (Kast et a/., 1991 ; 
Aichele etaL, 1990). The present technique, though, typically requires only about 7 to 10 days following immunization. 
The reason for the reduced time necessary to achieve a CTL response with the assay of the present invention is 

w believed to be the resutt of the route of immunization and the use of draining or proximal lymph node cells. A further 
advantage is the ability to test peptide candidates without the use of an associated modifier, such as carrier molecules, 
lipid tails, or T helper epitopes, to enhance its CTL activity. 

[0058] Typically, the composition to be tested for CTL priming capability will comprise one or more peptides, or peptide 
multimers, believed to have or suspected of having useful activities. Through the application of the techniques of the 
15 present disclosure to such peptides, one will thus be enabled to determine whether such peptides do in fact have CTL 
priming activity. If so, then the peptide will be a candidate for inclusion in a CTL priming vaccine. It will be appreciated 
by those of skill in the art that while candidates for CTL priming activity will generally comprise peptides (or proteins), 
the use of the assay of the present invention in the context of non-peptidyl compounds is certainly not excluded. 
[0059] It is proposed that the method will find a broad range of application, particularly in the identification of compo- 
se nents for use in the preparation of vaccines for the treatment and/or prevention of AIDS. Therefore, in the case of 
embodiments directed to the identification of epitopes for promoting a specific anti-HIV CTL response, the present dis- 
closure will generally be concerned with the identification of peptides having the ability to direct a CTL response to HIV- 
infected cells. 

[0060] In the context of vaccine development, the method will include first identifying a CTL-reactive composition in 
25 accordance with the foregoing method, and admixing the composition with one or more pharmaceutical^ acceptable 
diluents or additives, such as water, salts, emulsif iers and/or adjuvants. Of course, the amount of the composition added 
to the vaccine will vary depending on its ability to induce a specific CTL response, it solubility, and other biological 
responses. The selection of an appropriate amount of the identified CTL-priming composition will therefore be well 
within the skill of the art in light of the present disclosure. 
30 [0061 ] In other embodiments, the invention involves a method of preparing cytotoxic T cells. In its most general sense, 
this method includes immunizing, preferably intradermally, an animal with a composition having the ability to induce a 
cytotoxic T cell response to a preselected epitope of a targeted protein. The epitope or epitopes employed may or may 
not be specific for CTL priming, and thus may or may not substantially induce antibodies that will cross react with the 
targeted protein. However, in the practice of this aspect of the invention, one will typically desire to recover cytotoxic T 
35 cells from lymph nodes of the animal for further use. Numerous potential uses of specifically primed CTLs are envi- 
sioned. For example, in the case of human therapy, it is contemplated that specifically primed CTLs may be cultured 
and administered to humans for the treatment of HIV infection. In this case, the CTLs are prepared by immunizing the 
species in vivo and isolating the immune cells to expand in vitro in the presence of appropriate peptide, cytokines and 
presenting cells. 

40 [0062] Typically, for the induction of an HI V-directed CTL response, the invention will involve the use of peptides which 
comprise from 7 to about 30 amino acid residues, and have a sequence that corresponds to a domain of an HIV protein 
such as the gp160 envelope and core proteins, reverse transcriptase, tat, rev or other gene products expressed by the 
virus, which peptide includes within its structure a conserved region. 

[0063] For the preparation of vaccines, peptide multimers are generally preferred in order to include multiple CTL 
45 epitopes within a single complex. Two specific classes of peptide multimers are disclosed. In one class, the amino-ter- 
minal residue of a peptide is peptide-bonded to a spacer peptide that contains an amino-terminal lysyl residue and one 
to about five amino acid residues such as glycyl residues to form a composite polypeptide. Those added residues of 
the spacer peptide do not interfere with the immunizing capacity of the multimer, nor with its capacity to form surfactant- 
like micelles in aqueous compositions. The alpha- and epsilon-amino groups of the amino-terminal lysyl residue are 
so amidified with a C 12 -C 18 . fatty acid such as palmitic acid to form the reaction product that is used. The di-amide so 
formed forms surfactant-like micellular multimers in an aqueous composition. 

[0064] A second class of multimer is a polymer having a peptide as a repeating unit. Here, each peptide is synthesized 
to contain a cysteine (Cys) residue at each of its amino- and carboxy-termini. The resulting di-cysteine-terminated (di- 
Cys) peptide is then oxidized to polymerize the di-Cys peptide monomers into a polymer or cyclic peptide multimers in 
55 which the peptide repeating units are linked by cystine (oxidized cysteine) residues. 

[0065] A peptide multimer of either class can contain one or a plurality of different peptide sequences. A peptide of a 
multimer is an "active" peptide in that when used in a composition discussed below, the multimer can induce cell medi- 
ated immunity such as production of cytotoxic T cells. A multimer can also include an inactive peptide, for example to 
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assist in dispersing the multimer in the aqueous medium. The lysyl-containing peptide spacer discussed before can be 
viewed as such an inactive peptide. 

[0066] The peptide multimer is utilized in an aqueous composition (inoculum). That composition contains water having 
a before-described multimer dispersed therein. The composition, when used to immunize an immunocompetent host 
s animal such as a mouse, has the capacity of inducing cell mediated immunity such as cytotoxic T cell activation to the 
native HIV protein corresponding in sequence to that of an active peptide of the multimer, but does not substantially 
induce production of antibodies that immunoreact with that corresponding native HIV protein. The composition thus 
contains an immunizing effective amount of a before-discussed multimeric peptide. 

70 BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] 

FIGURE 1. The in vitro proliferation of popliteal lymph node (PLN) cells after in vivo immunization of Balb/c mice. 

15 Balb/c mice were immunized with an aqueous composition containing an immunologically effective amount of a 
peptide multimer polymer of this invention prepared from each of peptides 61, 63, 65 and 67. Tuberculin purified 
protein derivative (PPD) was used as a control, as shown. A 3 H-thymidine ( 3 H-TdR) incorporation assay was used 
for these studies. The data are illustrated as a stimulation index, which is calculated as the fold increase in radio- 
activity counts in the presence of the peptide antigen compared to background values where no antigen was 

20 added. Details of this study are discussed hereinafter. 

FIGURE 2. T cell proliferation ( 3 H-TdR incorporation) of PLN cells after immunization of B6C3 F1 mice with an 
aqueous composition containing an immunologically effective amount of a peptide multimer polymer of this inven- 
tion prepared from each of peptides 61, 63, 65 and 67. An unrelated peptide. PPD and gp160 were used as con- 
25 trols. The data are shown as the 3 H-TdR incorporation [delta (A) counts per minute (cpm)] obtained by subtracting 
radioactivity values in control wells without added antigen from those in wells with antigen. Details of this study and 
those of the studies of FIGURES 3-5 are discussed hereinafter. 

FIGURE 3. As in FIGURE 2, except A.SWxBalb/c F1 mice were utilized as the animal hosts. 

30 

FIGURE 4. As in FIGURE 2, but using multimers prepared from peptides 103 through 117 (a through o, respec- 
tively) to immunize B6C3 F1 mice. 

FIGURE 5. As in FIGURE 4, except that A.SWxBalb/c mice were again used as the animal hosts. 

35 

FIGURE 6. B6C3 F1 mouse PLN ceil proliferation by 3 H-TdR incorporation using varying concentrations of peptide 
multimer and gp120 as antigens. Panel A, a peptide multimer polymer prepared from peptides 10; Panel B, a mul- 
timer prepared from peptide 106. PPD and unrelated peptide were used as controls. A further discussion relating 
to FIGURES 6-8 is found hereinafter. 

40 

FIGURE 7. PLN cell proliferation from B6C3 F1 mice using various concentrations of gp160 and peptide multimer 
polymers prepared from peptides 61 (Panel A) and 63 (Panel B) as antigens, with PPD, and an unrelated peptide 
as controls. 

45 FIGURE 8. PLN cell proliferation from B6C3 F1 mice using various concentrations of gp120 and peptide multimer 
polymers prepared from peptides 65 (Panel A) and 1 1 1 (Panel B) as antigens, with PPD and an unrelated peptide 
as controls. 

FIGURE 9. CTL activity of popliteal lymph node (PLN) cells from Balb/c mice after immunization with HIV env V3- 
50 loop R15K peptide (aa 315-329) in three forms. A, linear monomer; B, di-sulphide-linked polymers formed by 
cysteine residues added at both the N- and C- termini; C, lipid-tailed micelles formed by conjugation to a dipalmityl- 
lysine-glycine-glydne at the N-terminus (Hopp, 1984; Sastry et al., 1991). Balb/c mice (6-8 weeks of age) were 
immunized in the hind-foot pad with the peptide (100ng in a 1 :1 emulsion with CFA). After 10 days, cells obtained 
from the PLN were re-stimulated in vitro for 5 days with irradiated (3300 rads) syngeneic mouse spleen cells that 
55 had been pre-treated with the monomeric form of the peptide (40fig/ml) for 2h at 37°C. The cell mixtures were 
maintained in 5-10ml of Click's medium (Click et al., 1972) supplemented with 10% fetal calf serum (FCS) and 
50|nM 2-mercaptoethanol, then washed three times with RPMI 1640 medium, 10% FCS. The CTL activity was 
determined by 51 Cr-release assay (Platsoucas & Good, 1981) against syngeneic target cells (P815) with or without 
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pre-treatment with the monomeric form of the peptide for 2h at 37°C. 

FIGURE 10. CTLs from Balb/c mice immunized in vivo with any R15K-type peptides recognize MHC-matched tar- 
get cells that were either pre-treated with peptide monomers (P815f peptide) or infected with recombinant vaccinia 
5 virus expressing the HIV IHB envelope protein, gp160 (P815+VPE16). Immunization of mice and peptide pre-treat- 
ment of P815 target cells was carried out as in FIGURE 9. 5 x 10 6 P815 target cells were infected with 5 x 10 7 
plaque forming units of control (VSC8) or recombinant vaccinia virus expressing HIV envelope protein (VPE16) for 
18-20 hours prior to labelling with 100jxCi of 51 Cr (ICN Radiochemicals, Irvine, CA). The cytotoxic activity was 
determined by 51 Cr-release assay (Platsoucas & Good, 1981). 

w 

FIGURE 1 1 . CTLs primed by in vivo immunization with either the monomeric form or the lipid-tailed micelle form of 
the HIV V3-loop R15K peptide are CD8-positive. Re-stimulated PLN cells (as in FIGURE 9) were treated with com- 
plement along (+C) or with either anti-CD4 monoclonal antibody (clone GK-1.5) plus C (+ anti CD4-C) or anti-CD8 
monoclonal antibody (clone 53-6.72) plus C (+anti CD8+C) as in (Platsoucas & Good, 1981). Resulting cells were 
15 then tested for their capacity to lyse MHC-matched target cells that were either pre-treated with the monomeric 
form of the peptide (P815* peptide) or infected with recombinant vaccinia virus expressing HIV 1MB envelope pro- 
tein gp 160 (P81 5+ VPE 16). 

FIGURE 12. CTL activity of spleen cells from ice immunized with R15K/R15K+ Th. 6-8 week old Balb/c mice were 
20 immunized in hind footpad with 100jig of R15K peptide alone or 100|xg of a helper T-cell peptide (T^ emulsified in 
CFA. At 2, 3 or 4 weeks post-immunization, both PLN and spleen cells from the mice were collected and restimu- 
lated for 5 days with irradiated syngeneic mouse spleen cells pretreated with R15K for 2 hours. A standard 4 hour 
51 Cr-release assay was performed, as described by Sastry et a/. (1992). Representative data from PLN (A) and 
spleen cells (B) are shown, and demonstrate that a helper T-cell peptide from the HIV env protein enhances the 
25 systemic CTL response to R15K V3 loop peptide (seq id no:1). 

FIGURE 13. Peptide R15K inhibits infection of human T cells (MT-4) by HIV-1. MT-4 cells are human T cells that 
are chronically infected by the human T cell leukemia virus type 1 and undergo lytic infection with HIV-1 (Larder et 
a/., 1989). Therefore, inhibition of HIV-1 infection of MT-4 cells will prevent cell death. In these experiments, MT-4 

30 cells (5x1 0 4 /1 OOfil) were preincubated in triplicate wells of 96 well microtiter plates with various concentration of the 
R15K peptide for 15 minutes at 37°C, and challenged with HIV-1. Controls included cells alone and cells infected 
with HIV-1 , but without added peptide. Seven days after infection, the total number of viable cells was determined 
using the MTT dye reduction assay of Larder et al. (1989). The line marked with no virus shows effect of various 
concentrations of peptide on the survival of MT-4 cells in the absence of HIV-1 infection. The line marked with 

35 w +virus" shows protective effect of peptide R1 5K (seq id no:1). 

FIGURE 14. Peptide R15K inhibits HIV-1 infection of MT-4 cells as measured by a reverse transcriptase assay. In 
these experiments MT-4 cells were infected as in FIGURE 13, but instead of measuring the cytopathic effect, the 
amount of reverse transcriptase (RT) activity in the culture medium was determined seven days after infection by 
40 the method of Popovic et a/. (1984). 

FIGURE 15. Peptide R15K inhibits HIV-1 infection of human T cell lines CEM and H9. The CEM and HO cells 
(1x10 5 cells/well) in separate experiments were infected with HIV-1 in triplicate wells of a 48 well plate in the pres- 
ence or absence of various concentrations of peptide R15K. The experimental protocol was as described in FIG- 
45 URE 13. Seven days after infection, reverse transcriptase (RT) activity in the culture supernatant was measured by 
the method of Popovic et a/. (1984). 

FIGURE 16. V-3 loop peptides inhibit HIV-1 infection of primary human T cells. Peripheral blood mononuclear cells 
(PBMCs) from healthy HIV-1 seronegative donors were separated by Ficoll-hypaque centrifugation. E-rosetting 

so was used for the preparation of T cell enriched lymphocyte population, as described by Mannhalter et al. (1986). 
T-cells (1x10 6 /ml) were incubated in triplicate wells of 96 well microtiter plates with medium alone or control unre- 
lated peptide (corresponding to a sequence in c-mos protooncogene product) or various V3 loop peptides at 1 
ng/ml concentration. Other peptides are: H13N, V3-loop peptide from HIV-1mn strain (seq id no:7); T13Q, V3-loop 
peptide from V3-loop of HIV-1rf strain (seq id no:6); R8K, a 8 amino acid peptide from V3-loop of HIV-1 IHB strain 

55 (seq id no:5); N24G, a 24 amino acid peptide for HIV-1 IIIB V3-loop (seq id no:3); and R15K, a 15 amino acid pep- 
tide for HIV-1 IIIB V3-loop (seq id no:1 ). After 9 days, reverse transcriptase activity in culture supernatant was deter- 
mined according to the method of Popovic et al. (1984). 
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FIGURE 17. Serum stability of peptide R15K: The R15K peptide (seq id no:1) was incubated at 37°C with fetal 
bovine serum at 1 00 jig/ml concentration for 24 hours. At different time intervals aliquots of peptide/serum mixture 
corresponding to 1 u^/ml final concentration were added to MT-4 cells in a 96 well microtiter plate. After 15 minutes 
of incubation with peptide, MT-4 cells were infected with HIV-1 as described in FIGURE 13. Seven days after infec- 
5 tion, the total number of viable cells was determined by the MTT-dye reduction assay (Larder et a/., 1989). The con- 
trols included cells incubated in medium alone with and without virus infection and cells infected with virus and 
incubated with R1 5K peptide that was not pre-incubated in fetal calf serum. 

FIGURE 1 8. Peptide E13V (seq id no:4) from the amino terminal domain of gp120 inhibits HIV-1 infection of primary 
10 human T-cells. Experimental details are same as in FIGURE 16 except that in this experiment, different concentra- 
tions of peptide E13V was used in place of R15K. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 [0068] AIDS is a highly infectious and fatal disease caused by a group of closely related retroviruses commonly known 
as HIV. There are currently no vaccines to prevent HIV infection, and no effective therapeutic agents to arrest progres- 
sion once infection has been initiated. The present invention addresses both of these current failings through the use 
of peptide technology in the development of formulations for anti-viral vaccination and treatment. 
[0069] Initially, the present inventors developed a rapid method for the identification of peptides which have the ability 

20 to induce a specific CTL response in vivo. This method is broadly applicable to both screening and vaccination, and is 
relevant to the development of preventative vaccines, not only for AIDS, but also for a wide variety of other diseases. 
These methods of CTL induction were then refined, by the addition of T helper cell-inducing peptides, leading to partic- 
ularly effective compositions and methods for producing systemic, long-lived and high level CTL activity in response to 
peptide immunization. 

25 [0070] In addition to vaccine formulations, the inventors have also identified peptide sequences which function to 
effectively inhibit the entry of HIV into human target cells. It is envisioned that these peptides, which arrest viral infection, 
will form the basis of effective anti-HIV therapeutics which halt viral spread and disease progression in HIV-infected 
patients. 

[0071 ] The use of peptides, for example, instead of proteins, in clinical embodiments is generally preferred for various 
30 reasons. These include the low cost and relative ease of large scale preparation, and the reliability of the product. Also 
their biological properties are preferable, such as the ease with which peptides can penetrate tissues, and their low 
immunogenicity. Prior to clinical use, peptides may be stabilized by the addition of groups to the N- or C-termini, for 
example, by acylation or amidation. The formulation of the peptides of the present invention into various polymers is dis- 
cussed in detail below. 

35 [0072] A novel and rapid method for screening candidate compounds, such as peptides or multimers thereof, to iden- 
tify appropriate CTL-inducing active compounds for use, for example, in CTL vaccines is also described herein. In pre- 
ferred screening procedures, candidate peptides or peptide multimers are assayed for in vivo CTL-induction by injecting 
the test substance into an experimental animal, recovering T cells from the lymph nodes and measuring the activity 
(priming) of such CTLs. Most preferably immunization would involve a single intradermal injection of the test peptide in 

40 complete Freund's adjuvant (CFA) into an appropriate site, such as the hind-foot pad of a mouse, recovering lymph 
node T cells, preferably from the draining popliteal lymph nodes (PLN), and determining their CTL activity by assaying 
the T cell-mediated lysis of MHC-matched target cells decorated with the candidate peptide or expressing the parent 
protein. This procedure allows the results to be obtained only 8-10 days after immunization. 
[0073] Employment of such a screening procedure will result in the identification of T cell active peptides, whether 

45 they be peptides that induce substantially only a CTL response, or also induce an antibody response (i.e., B cell reac- 
tive). A plurality of strains of mice that vary in their histocompatibility genes may be used for these screenings. Peptides 
that have a broad response in the various MHC genotypes should be selected for further study in primates, and finally 
humans. Exemplary assay procedures are found hereinafter. 

[0074] The synthesis of peptides can be achieved using an automated peptide synthesizer. For example, peptides 
so can be synthesized using the Merrifield solid phase method (Merrifield, 1963) either on a modified Vaga 250 automatic 
peptide synthesizer or by the "Bag" method, as described by Houghton etal. (1985). Following the synthetic reactions, 
the completed peptides are then recovered. In the above two methods this involves the removal of the T-BOC blocking 
groups and hydrolysis of the peptide from the resin using hydrofluoric acid (HF) treatment at 0°C for 1 hour. The various 
organic by-products can then be removed, for example by extraction with ether, and the peptides extracted from the 
55 supporting resin with a reagent such as 25% acetic acid. 

[0075] In the rapid screening method for the identification of appropriate CTL-inducing candidate compounds, the 
inventors have found that the intradermal immunization of a mouse can be advantageously employed. Intradermal 
immunization is believed to be particularly effective as it serves to efficiently activate the cell mediated limb of the 
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immune system. The inventors have found that even more advantageous aspects of this immunization protocol are (i) 
that a single injection of the candidate will usually be sufficient to achieve detectable CTL activation, and (ii) that the 
sensitivity of the assay is such that the use of immunization modifiers will generally not be required in order to achieve 
CTL priming. 

s [0076] Accordingly, in preferred screening embodiments, mice are immunized by intradermal injection into the hind 
foot-pad with an appropriate composition, such as 100|xg of the test peptide in a 1:1 emulsion with complete freund's 
adjuvant (CFA). After a period of time sufficient to induce a CTL response, such as 1 0 days, the draining popliteal lymph 
nodes (PLN) are surgically removed and the cells were separated by mild homogenization. The PLN cells thus 
obtained, typically between 1 0-50 x 1 0 6 cells/lymph node/mouse, are maintained in 5-1 0 ml of a solution such as Click's 

10 medium, 10% FCS, 50|xM 2-mercaptoethanol, and re-stimulated for 5 days, in vitro, with irradiated (3300 rads) syn- 
geneic mouse spleen cells pre-treated with the candidate peptide. A syngeneic ceil expressing the parent protein from 
which the peptide is derived, such as the HIV gpt 60 protein, would be an appropriate target cell. However, the inventors 
contemplate that peptide<lecorated spleen cells which can be easily generated, for example, by pre-treating the cells 
with the peptide monomer at a concentration of approximately 40 jig/ml for 2 hours at 37°C, may be preferred for use. 

is [0077] The re-stimulated effector cells are then washed, for example, with RPM1 1640 medium, 10% FCS. resus- 
pended at an appropriate cell density in the region of 5 x 10 6 /ml, and assayed for CTL activity. A suitable method of 
assaying for CTL activity is to determine the release of a non-metabolizable radiolabeled substance from specific target 
cells which have been pre-loaded with the substance. Measuring the release of 51 Cr from peptide-treated syngeneic 
cells, as described by Platsoucas & Good (1981), is considered by the inventors to be a particularly suitable method. 

20 [0078] To generate peptide- expressing target cells for use in the CTL assay, appropriate syngeneic cells, such as 
P815 cells, are first loaded with radioactive compound such as chromium. This can be achieved by incubating the cells 
for 2 hours at 37°C with 250 \lC\ of 51 Cr. The cells are then washed three times and incubated for an additional 2 hours 
at 37°C with the monomeric form of the test peptide at a concentration of approximately 40|ig/ml. The cells are then 
washed twice with a solution such as RPMI medium, 10% FCS. and then resuspended at an appropriate concentration, 

25 for example, in the region of 5x1 0 4 cells/ml. The target ceils thus generated can then be employed in the CTL assay, for 
example, by mixing them with the candidate effector cells in U-bottom 96 well-microtiter plates such that different effec- 
tor to target cells (E:T) ratios are achieved. 

[0079] Alternatively, as discussed above, target cells expressing the parent protein from which the test peptide was 
derived can be generated and used in the CTL assay. In this method, syngeneic cells are infected for 18-20 hours with 

30 an appropriate amount, such as 5 x 10 7 plaque forming units, of recombinant vaccinia virus containing the gene for the 
parent protein which is to be expressed. As a control, syngeneic cells may be infected with recombinant vaccinia virus 
which carries the gene for an immunologically unrelated protein. At this stage one may wish to confirm the presence of 
the required protein in the target cells, but not in the control cells, for example, by western blotting both infected cell 
types with specific antibodies. Target cells created in this manner can then be labelled with the radioactive compound, 

35 in this case 100 |xCi of 51 Cr, and used in the chromium release CTL assay (Platsoucas & Good, 1981), as described 
above. 

[0080] In certain embodiments where the candidate peptides to be screened are derived from the HIV protein gp160, 
the recombinant vaccinia virus system can be used to prepare cells which specifically express this protein. For use in 
this regard, the inventors have found the control (VSC8) and HIV env-expressing (VPE16) recombinant vaccinia viruses 
40 obtained through Dr. Bernard Moss via the AIDS Research and Reference Reagent Program, (Division of AIDS, NIAID, 
NIH) to be of particular use. To confirm the presence of the gp1 60 protein in such VPE1 6-infected P81 5 target cells, the 
inventors found it convenient to employ HIV antibody-positive human sera in the western blotting experiments. In using 
the VPE1 6-infected P81 5 target cells in CTL assays, the inventors determined that it was particularly advantageous to 
employ 5 x 10 4 target cells/ml and 1 x 10 6 candidate CTL effector cells/ml, mixed so as to obtain an initial E:T ratio of 



[0081] In CTL assays conducted using either of the above target cells, the percentage specific 51 Cr-release can be 
calculated as: 



The maximum release can be determined by measuring the radioactivity released into the supernatant from target cells 
in which complete lysis has been experimentally induced, such as by using a 5% solution of the non-ionic detergent Tri- 
55 ton X-1 00 to disrupt the membranes of the cells. Spontaneous release can be determined by measuring the radioactiv- 
ity released into the supernatant from target cells incubated without added effector cells. It is contemplated that valid 
experiments will have a value for spontaneous target lysis which is between 15-20% of the maximum lysis observed. 
[0082] Prior to assaying the PLN cells for possible CTL activity, one may desire to first deplete certain cell populations, 



45 20:1. 
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100 x 



(experimental release - spontaneous release) 
(maximum release • spontaneous release) 
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such as CD4 + or CD8 + , from the mixture of cells. In this regard, re-stimulated PLN cells can be treated with either anti- 
CD4 monoclonal antibody (clone GK-1.5) plus complement (C) (+ anti CD4+C), or anti-CD8 monoclonal antibody 
(clone 53-6.72) plus C (+anti CD4+C), as described by Platsoucas & Good (1981). It may also be desirable to treat cer- 
tain PLN cells with complement alone (+C), to act as a comparison. Cells treated in any of these ways can then tested 

5 for their capacity to lyse MHC-matched target cells that have been pre-treated with the monomeric form of the peptide 
or infected with recombinant vaccinia virus expressing the parent protein from which the test peptide was derived. 
[0083] Where one desires to identify CTL reactive compounds that do not exhibit an antibody generating capability 
peptides identified as being T cell active may be screened to identify those that lack B cell stimulatory activity. Such pep- 
tides are proposed to be particularly useful in the preparation of vaccines for the treatment or prevention of viral dis- 

10 eases such as AIDS where an antibody response may in fact enhance infectivity of the causative agent. Identification 
of such peptides is accomplished by injecting a candidate into an immunocompetent animal (e.g., mice) to identify 
those peptides that fail to generate a significant antibody response to the native protein to whose sequence the peptides 
correspond in part. For example, in the case of HIV, one would desire to test for the production of antibodies having 
reactivity against gp120, gp41 or core proteins, etc. 

is [0084] Of course, as mentioned above, the present disclosure also concerns the identification of compounds capable 
of eliciting both a T cell response and a B cell response, in that this latter group will serve to induce protective antibody- 
based immunity in the immunized host. 

[0085] CTL active compositions of the present invention prime T ceils in a way that, when the infecting virus appears 
at a later date, memory T cells are activated to result in a cell-mediated immune response that destroys target cells that 

20 have the corresponding target protein or a portion thereof on their cell surfaces, and thereby the virus. 

[0086] The inventors further optimized the above-described method for the generation of peptide-induced CTL 
responses against peptide immunogens. Particular objectives were to increase specific CTL production by lymphoid tis- 
sue more distant from the site of injection, such as in the spleen, and to improve the longevity of the response. It was 
determined that physically mixing peptides containing T helper epitope sequences with CTL-inducing peptides 

25 enhanced CTL responses in mice, both following multiple subcutaneous (sc) injections and single intradermal (id) injec- 
tions in the footpad. In addition, the high level CTL response in the spleen was maintained for up to eight weeks after 
one id injection. An example of a suitable T helper peptide is C19A, having the sequence C R IKQ 1 1 NM WQG VGKAMYA 
(seq id no:2), which was found to effective in monomer, lipid tailed, and di -sulphide polymer forms. 
[0087] The mechanism of enhancing a peptide-induced CTL response in vivo by peptides that induce T helper cells 

30 is not known. However, it is likely that the enhancing peptide, because of its ability to induce T helper cells, will result in 
increasing the levels of necessary cytokines that assist in the clonal expansion and dissemination of specific CTLs. 
Regardless of the underlying mechanism, it is envisioned that the use of mixtures of helper T cell and CTL-inducing 
peptides in immunization or vaccine formulations will greatly improve the capability of generating a systemic CTL 
response with a relatively long half life, compared to immunization with the CTL-inducing peptide(s) alone. 

35 [0088] With regard to HIV, it is proposed that particularly useful peptides against which to generate a CTL responses 
will be those peptides which have sequences derived from the viral genes gag t pol, nef and env genes (TABLE 1 ), with 
env genes being particularly preferred. Even more preferably, peptides with sequences derived from the V3 loop of HIV 
gp1 20, such as those listed in TABLE 2, may be employed as CTL-inducing peptides. It is envisioned that T helper cell- 
inducing epitopes for use in the present invention will generally have having an amphipathicity value of from about plus 

40 10 to about plus 20. 

[0089] Peptides and peptide combinations considered to be suitable as vaccines or components thereof may be 
tested in experimental animal models, such as mice, rats, rabbits, guinea pigs, goats, Rhesus monkeys, chimpanzees, 
and the like. Such tests will likely lead to the production of successful vaccines that induce celt-mediated immunity for 
protection against a variety of infectious agents. 

45 [0090] Further aspects concern the identification and formulation of synthetic peptides as therapeutic agents for use 
against HIV, such that these chemically defined synthetic peptides will protect human cells from HIV-1 infection. 
[0091] The V3 loop region of gp120 is known to be essential for HIV-1 infection of cells (Travis et a/., 1991; Freedand 
Riser, 1987; Freed era/., 1991). Anti-V3 loop antibodies have been shown to inhibit HIV-1 cellular infection without inter- 
fering with gp120 binding to its cellular receptor, CD4 (Linsley et a/., 1988; Javaherian et a/. 1989). The V3 loop region 

so is also known to be a target for a trypsin related protease on the host cell surface (Murakami et at. t 1991). It has been 
speculated that after gp1 20 binds to CD4, the V3 loop is cleaved by a cell surface protease leading to a conformational 
change in the gp120/gp41 protein complex (McCune et a/., 1988). Such a change may then expose the fusogenic 
domain in the transmembrane protein gp41, resulting in the fusion of the viral particle membrane with the cell mem- 
brane. The inventors therefore reasoned that V3 loop peptides may prevent infection of cells by inhibiting the cleavage 

55 of the gp 120 V3 loop. 

[0092] Recent studies in this area have lead to the generation of conflicting results. Korto et al. (1989) reported that 
a synthetic peptide, corresponding to the major HIV-1 neutralizing epitope from the V3 loop of gp1 20, inhibits syncytium 
formation between the HIV-1 infected CCRF-CEM and uninfected Molt-4 cells in a dose-dependent manner. In these 
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studies the 36 amino acid peptide (residues 303-338), CTRPNNNTRKSIRIQRGPGRAFVTIGKIGNMRQAHC, repre- 
senting the entire V3 loop, was found to inhibit syncytium formation by 30-60% at a concentration of 100 uM (approxi- 
mately 300 jig/ml). However, a 24 amino acid peptide (residues 308-331, NNTRKSIRIQRGPGRAFVTIGKIG) 
representing the middle portion of the V3 loop was less efficient and was required at 300 jiM concentration (approxi- 
5 mately 720 fig/ml) to achieve the same level of inhibition of syncytium formation. Neither of these peptides were tested 
for their capacity to inhibit HIV infection of cells. 

[0093] In contrast, De Rossi et al. (1991) recently reported that synthetic peptides of 24 amino acids in length from 
V3 loop regions of different HIV-1 isolates actually enhance H1V-1 infection of cells through a CD4-dependent mecha- 
nism. In these experiments synthetic peptides at concentrations ranging between 0.62-20 jxM (approximately 1 .5 to 48 

w jig/ml) were employed and one human T cell line (Molt-3) was tested. 

[0094] Despite the above evidence to the contrary, the present inventors proceeded to test the ability of V3 loop syn- 
thetic peptides to inhibit HIV infection. Synthetic peptides of varying length (8-24 amino acids) selected from the V3 loop 
of gp120 were determined to be surprising effective at inhibiting HIV infection of T cells, using both cultured human T 
cells such as H9, CEM and MT-4, and freshly prepared primary human T cells. These peptides include R15K, having 

15 the sequence RIQRGPGRAFVTIGK (seq id no:1), and N24G, having the sequence NNTRKSIRIQRGPGRAFVTIGKIG 
(seq id no:3). The peptides termed D23, D24, D25, D26, D30, D35, D38, D39 and D40, the sequences of which are 
shown in TABLE 1 1 A, were also found to inhibit HIV cellular infection. 

[0095] An important discovery of this invention is the finding that peptides with sequences from a variety of different 
HIV isolates have the ability to inhibit HIV-1 II IB infection of cells. These include H13N (H IGPG RAFYTTKN, seq id no:7) 
20 from HIV-1 mn, and T1 3Q (TKGPGRVIYATGQ, seq id no:6) from HIV-1 rf, along with the peptides detailed in TABLE 1 1 A. 
Importantly, it is contemplated that peptides with sequences which correspond to V3 loop sequences other viral strains 
will also be useful in inhibiting infection by the homologous, or other related, HIV strains. As such, it is contemplated that 
peptides such as D27, D28, D29, D31 , D32, D33, D34 AND D37 (TABLE 1 1 B) may still be found to be useful as infec- 
tion-inhibiting peptides. 

25 [0096] The inventors have previously shown the peptide EQ LWVTVYYG VP V (E13V, seq id no:4), from the amino- 
terminus of gp120 (residues 39-51) to be capable of inducing anti-HIV T helper cell responses in mice (Sastry & Arling- 
haus, 1991). Antibodies against this peptide were found to be capable of binding denatured, but not native, gp120. On 
analyzing the ability of peptide E13V (seq id no:4) to interfere with HIV entry into cells, and thus to inhibit infection, the 
inventors found it, also, to be an effective infection-inhibitor peptide. 

30 [0097] The infection-inhibitor peptides of the present invention, such as R15K (seq id no:1) and E13V (seq id no:4), 
are envisioned to be ideal candidates for inclusion in therapeutic formulations that will be effective in preventing infec- 
tion of human cells by HIV-1 . Of relevance to human therapy is the finding that R1 5K, for example, retained full strength 
inhibitory activity after incubation in fetal calf serum for up to 4 hours. Since such formulations will be completely syn- 
thetic and defined, these reagents will be both economical and safe. Also, the V3 loop peptides as a mixture will provide 

35 the added advantage of being a immuno-therapeutic reagent because of the capacity of inducing HIV-1 specific CTL 
responses that can effectively kill all virus infected cells while preventing fresh infection of cells. 
[0098] Thus, the present disclosure ultimately involves the preparation of both vaccines and therapeutic formulations 
including synthetic peptides. It is envisioned that the vaccines will include a peptide(s) bearing CTL-inducing epitopes, 
and ideally, will also include a peptide(s) bearing T helper cell-inducing epitopes. The therapeutic formulations may 

40 also, of course, include such sequences. The present disclosure refers to peptides incorporating an HIV infection-inhib- 
iting sequence for use as components of such a therapeutic composition. 

[0099] With regard to vaccination-type peptides of the present invention, it is contemplated that peptide multimers 
may be particular advantageous in the preparation of CTL-inducing vaccines in accordance herewith. Preferred multim- 
ers are formed of surfactant-like micelles and polymers. In addition to the amino-terminal lysyl residue, the spacer pep- 
45 tide can contain one to about five additional residues. Substantially any amino acid residue can be utilized so long as it 
does not interfere with the T cell immunizing capacity of an aqueous composition containing the multimer or with the 
capacity of the di-amide reaction product to form surfactant-like micelles in an aqueous composition. One to about three 
glycyl residues per spacer peptide are preferred. 

[0100] The before-described peptide and the amino-terminal lysyl residue-containing peptide spacer are peptide- 
so bonded together, and can thus be viewed as a composite polypeptide. The useful diamide is thus a reaction product of 
the alpha- and epsilon-amino groups of the amino-terminal lysyl residue and two moles per composite polypeptide of 
the C 12 -C 18 fatty acid. The composite polypeptide can thus be prepared as a single sequence and amid'rf ied before or 
after removal from the resin, where solid phase synthesis is used, by conventional techniques. 
[0101] The phrase "surfactant-like micelle" is used herein to emphasize that, in an aqueous composition, the di-ami- 
55 dolysyl composite polypeptide appears to form micelles similar to those formed by surfactants and to distinguish such 
multimers from submicroscopic structural units of protoplasm built up from polymeric molecules that are also some- 
times referred to as micelles. The word "micelle" is also sometimes used herein, and when so used has the same mean- 
ing as surfactant-like micelle. 
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[0102] Another multimer form of a previously described peptide is a polymer having a plurality of peptide repeating 
units, in this case, a peptide containing two terminal cysteines as part of its natural sequence can be selected and syn- 
thesized. A peptide lacking such cysteines can be modified by the addition of one or two extra cysteines to the N- and 
C-terminal ends, respectively. The presence of two cysteines per peptide permits polymerization of the subunit peptide 
5 by air oxidation to form oxidized cysteine(cystine)-linked polymers and/or cyclic peptides. Such multimers enhance 
immune recognition of the peptide without the need of a carrier. 

[0103] The lysine-terminated spacer peptide can contain one to about five amino acid residues in addition to the lysyl 
residue, and the one or two added terminal cysteine residues are not included in counting the length of a peptide of the 
present invention. A peptide containing terminal cysteine residues is referred to as a di-cysteine-terminated peptide or 
w more simply, a di-Cys peptide. Details for preparing polymers containing di-Cys peptide repeating units are provided 
hereinafter. 

[0104] Aqueous compositions (inocula) of the present invention comprise an immunologically effective amount of a 
CTL-inducing, T helper cell-inducing, or HIV infection-inhibiting peptide or peptides, whether in muftimeric form or not. 
dissolved or dispersed in a pharmaceutical^ acceptable aqueous medium. Such compositions are also referred to as 
is inocula. 

[0105] The phrase "pharmaceutical ly acceptable" refers to molecular entities and compositions that do not produce 
an allergic or similar untoward reaction when administered to a human. 

[0106] The preparation of an aqueous composition that contains an immunizing molecule such as a peptide or mul- 
timer, or an infection-inhibiting component, such as a peptide, an as an active ingredient is well understood in the art. 

20 Typically, such compositions are prepared as injectables, either as liquid solutions or suspensions; solid forms suitable 
for solution in, or suspension in, liquid prior to injection can also be prepared. The preparation can also be emulsified. 
[0107] A peptide or peptide multimer can be formulated into a composition in a neutral or salt form. Pharmaceutical ly 
acceptable salts, include the acid addition salts (formed with the free amino groups of the peptide) and which are 
formed with inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids as acetic. 

25 oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups can also be derived from inorganic 
bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic bases as 
isopropylamine, trim ethyl amine, histidine, procaine, and the like. 

[0108] Upon formulation, vaccines will be administered in a manner compatible with the dosage formulation, and in 
such amount as is immunologically effective. As used herein, "immunologically effective amount" means an amount of 

30 composition is used that contains an amount of a peptide, peptides, or peptide multimers sufficient to induce an effec- 
tive CTL response in the host animal (mammal) such as by the induction of specifically targeted cytotoxic T cells. In pre- 
ferred embodiments, it is contemplated that the immunologically effective vaccine composition will also include an 
amount of a peptide, peptides, or peptide multimers effective to induce T helper cell activity and to thus enhance the 
CTL effect. The presence of such cytotoxic T cells is assayed as discussed hereinafter. 

35 [01 09] In the context of a vaccine, the quantity of peptide(s) and volume of composition to be administered depends 
on the host animal to be immunized, the capacity of the host animal's immune system to activate T cells, and the degree 
of protection desired. Precise amounts of active peptide multimer required to be administered depend on the judgment 
of the practitioner and are peculiar to each individual. However, suitable dosage ranges are of the order of about 10 
micrograms Qig) to about 500 milligrams (mg), preferably about 50fig to about 1mg, and more preferably about 100jxg 

40 of active ingredient peptide multimer per individual. A minimal volume of a composition required to disperse the immu- 
nizing amount of peptide multimer is typically utilized. Suitable regimes for initial administration and booster shots are 
also variable, but are typified by an initial administration followed in one or two week intervals by a subsequent injection 
or other administration. 

[01 10] A composition can also include an adjuvant as part of the excipient. Adjuvants such as complete Freund's adju- 
45 vant (CFA), incomplete Freund's adjuvant (IFA) for use in laboratory host mammals are well known in the art, and are 
used illustratively herein. Pharmaceutical^ acceptable adjuvants such as alum can also be used. 

EXAMPLE 1 - Preparation of Peptides, Peptide Polymers and Peptide Micelles 

so [01 1 1 ] Synthetic peptides of 7 to about 30 amino acid residues in length were prepared corresponding to the selected 
conserved domains of the core and gp160 (gp120 and gp41) molecules using the solid-phase technique of Merrrfield 
(1963) using a modified Vega 250 automated peptide synthesizer or by the "bag" method described in Houghten 
(1985). In either case, removal of the t -butyl oxycarbonyl (t-BOC) amino acid blocking groups and the hydrolysis of the 
peptide from the resin were carried accomplished by hydrofluoric acid (HF) treatment at 0°C for one hour. The peptide- 

55 containing mixture was then extracted with diethyl ether to remove non -peptide organic compounds and the synthe- 
sized peptides were extracted from the resin with 25% acetic acid (w/v). 

[0112] Various synthetic peptides have been prepared by this procedure, including nineteen (19) that correspond to 
conserved domains of the gp120 molecule and the gp41 molecule, as listed in TABLE 3. The synthesized peptides cor- 
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respond to designated conserved domains (regions) of gp160 in HIV as shown. 



TABLE 3 



5 


AMINO ACID SEQUENCE OF SYNTHETIC PEPTIDES 




PEPTIDE # 


AMINO ACID SEQUENCE 1 


LOCATION IN HIV 2 
ENVELOPE 




103 


EQ LWVTVYYGVP V° 1 


GP160-CR-1 


10 


104 


45VYYGVPVWKEA 55 


GP160-CR-1 




105 


4aGVPVWKEATTLFC 61 


GP160-CR-1 




106 


72 AH KVWATH ACV 82 


GP160-CR-1 


15 


107 


81 CVPTNPVPQEW 92 


GP160-CR-1 




108 


92 VLENVTENFNM 102 


GP160-CR-1 




109 


105 NNMVEQMHEDI 1 16 


GP160-CR-1 




110 


109 EQMHEDIISLWDQ 121 


GP160-CR-1 


20 


111 


118 LWDQSLKPCVKLT 130 


GP160-CR-1 




112 


121 SLKPCVKLTPLC 133 


GP160-CR-1 




1 1 o 


204 qwnro Af^KV^FF 21 6 


vjr 1 ou unx 


25 


114 


215 FEPIPIHYCAFPGF 228 


GP160-CR-2 




115 


236 KKFNGTGPCTN 246 


GP160-CR-2 




116 


240 GTGPCTNVSTVQC 252 


GP160-CR-2 




117 


250 VQCTHGI RP VVSTQ 263 


GP160-CR-2 


30 


61 


^YLRDQQLLGIWGC 598 


GP160-CR-5 




63 


519 FLGFLGAAGSTMGAASLTLTVQANQ 543 


GP160-CR-5 




65 


417 CRIKQIINMWQGVGKAMYA 435 


GP160-CR-3 


35 


67 


417 CRIKQIINMWQGVGKAMYAPPIGGQIRC 444 


GP160-CR-3 



1. The N- and C-terminal amino acid residues of each peptide are numbered as to their position in 
the gp160 amino acid residue sequence according to Modrow et al. Virol., £1:570 (1987). A dash (- 
) indicates that the sequence continues on the next tine. 

2. CR = Conserved Region 

40 



[0113] Two types of high molecular weight (multimeric) forms of the peptides listed in TABLE 3 were prepared. The 
principal form of murtimer was a di-cysteine (di-Cys terminated) polymer in which a plurality of peptides were linked 
. end-to-end by disulfide bonds. These di-cysteine polymers were produced by adding cysteine residues to the termini of 
45 each peptide during synthesis. The di-cysteine-terminated (di-Cys) peptides were then dissolved (10mg/ml) in ammo- 
nium bicarbonate (0. 1 M) at room temperature (~25°C) and stirred for about 1 6 hours to effect oxidation of the sulfhydryl 
groups to produce polymer forms of the peptides. The peptide solution was freeze-dried and analysed by HPLC to con- 
firm the presence of polymer forms of the peptide. 

[0114] The second type of high molecular weight form produced was a surfactant-like micelle formed by linkage of an 
50 amino-terminal lysine-containing spacer peptide (Lys-Gly-Gly-) to the peptide sequence to form a composite polypep- 
tide, and then coupling a C 12 -C 18 fatty acid, such as palmitic acid, to both the alpha and epsilon amino groups, as in 
Hopp (1984). The 

Cf2"Ci8 fatty acid-containing peptides produced are then extracted in 95% acetic acid and utilized to 
form large micelles in the aqueous composition that exhibit increased immunogenicity relative to the peptides. 
[01 1 5] Di-Cys polymer multimers of all of the peptides listed in TABLE 3 were prepared. Aqueous peptide micelle mut- 
55 timers have been prepared of peptides designated 61 , 63, 65 and 67, and are designated as peptides 62, 64, 66 and 
68, respectively. Peptides designated 103 through 1 17 were utilized only in their di-Cys polymer multimeric forms. 
[0116] The high molecular weight, multimeric forms produced correspond to multiple copies of specific regions of 
gp120 and gp41 in HIV. For ease of designation, the multimer forms will be designated by the peptide number from 
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which it is composed - that is, peptide 61 refers to the di-Cys murtimeric (polymeric) form of peptide 61 and peptide 66 
refers to the aqueous micelle form of peptide 65, whereas peptide 103-1 17 refers to a polymeric multimer. 
[0117] Peptides 65 and 66 correspond to the region of gp120 that binds to the cell surface T4 receptor Peptides 61 
and 62 correspond to a region near the amino-terminal portion of gp41 that represents a major immunodominant 
s epitope seen by AIDS patients' sera. 

EXAMPLE 2 - Anti-Peptide Antibody Response 

[0118] Aqueous compositions of the multimers; i.e., the di-Cys peptide polymers and micelles produced in EXAMPLE 
w 1 were assayed for their ability, or lack of ability to elicit an anti-peptide antibody response in BALB/c mice, an immuno- 
competent mouse strain. 

[0119] Groups of BALB/C mice (6-8-week-old females, 3 to 5 mice/group, Charles River Laboratories) were immu- 
nized by subcutaneous (s.c.) or intraperitoneal (i.p.) injection of a peptide multimer (100jig/injection) in complete Fre- 
und's adjuvant (CFA) (1 :1 ratio). Booster injections (50|ig of peptide multimer) in incomplete Freund's adjuvant (IFA) 
is (1 :1) were given at 6 and 10 weeks after the initial immunization. Each mouse was bled from its retro-orbital plexus at 
two-week intervals and the serum was pooled for individual mice in each group. 

[0120] An ELISA assay was performed on each serum to detect the presence of anti-peptide antibodies utilizing per- 
oxidase-conjugated goat anti-mouse IgG (Boehringer Mannheim Biochemicals, Indianapolis, IN) as the second anti- 
body. Preliminary results for peptides 61 -68 are shown in TABLE 4, whereas further refined results for peptides 61 , 63, 

20 65, 67 and 103-1 1 7 are shown in TABLE 5. 

[0121] It was found that the high molecular weight forms of peptides 65, 66, 67, 68, 105 to 1 10, 1 12, 1 14, 115 and 
1 1 7 elicited high antibody titers, whereas peptides 61 , 62, 63, 64, 1 03, 1 04, 1 1 1 , 1 1 3 and 1 1 6 produced very low to neg- 
ligible amounts of anti-peptide antibodies. Similar results were obtained for antibody responses in B6C3 F1 mice 
(Charles River Laboratories), another immunocompetent strain. 

25 [0122] Some of the sera were further assayed for antibody response (reactivity) with native gp160, and the results, 
shown in TABLE 6, demonstrate that these peptides do not represent B cell epitopes since there was no immunoreac- 
tion with native gp160. 
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TABLE 5 



ANTIBODY RESPONSE OF VARI- 
OUS PEPTIDES IN BALB/C MICE 


DCDTinC 

rtr I lUt 


CI ICA TITCD 
tLloA 1 1 1 tn 


jiCO A A COC COO 


1 .vino 
1 .4UU 


xiy^O A A CIO C>tO 

#63 AA 519-543 


•4 ,CH OO 

1 .51 ^0 


#65 AA 41 /-4oO 


i »Ow 1 o5 


iiC7 A A 1^7 AAA 

#67 AA 417-444 


•t oomH o5 
1 .82X1 0 


#103 AA 39-51 


1:640 


U -* /\ J A A J f— PIT 

#1 04 AA 45-55 


1 :2000 


#105 AA 48-61 


1:5000 


XI -i AA A A to OO 

#1 06 AA 72-82 


1 :4x1 0 5 


#107 AA 81-92 


1 .1X10 


fflOo AA 9*2-1 0^ 


1 .1X10 


#109 AA 105-116 


1:8x1 0 5 


#110 AA 109-121 


1:6x1 0 5 


#111 AA 118-130 


1:80 


#112 AA 121-133 


1:1x10 5 


#113 AA 204-216 


1:640 


#114 AA 215-228 


1:1x10 6 


#11 5 AA 236-246 


1:4x1 0 5 


#116 AA 240-252 


1:640 


#11 7 AA 250-263 


1:8x1 0 6 
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TABLE 6 

T AND B CELL RESPONSES IN MICE TO EIV 
ENVELOPE GPX60 DERIVED SYNTHETIC PEPTIDE IMMUNOGENS 





In Vitro Proliferation of 
Cells from* 


PLN 


Antipeptide 
Antibody 
Reactivity 
to** 


Peptide 
Immun— 


B 6 C 3 F 1 


A SWxBalb/c F, 


ogen 


Analo- 
gous 
repnae 


GP 
160 


Analo- 
gous 

n on f i Ho 


GP 
160 


Analo- 
gous 

Pont- 1 r)o 


GP 
160 


61 


++ 


+ 


» i 

TT 


i ■ 

TT 






63 


++ 


tt 


i j 
TT 


i i 
TT 






65 


11 

TT 


i 


1111 
TTTT 


11 
TT 


ii 

TT 




67 


.1 i_ 

tt 




liti 
TTTT 


11 
TT 


111 
TTT 




103 


i 

t 


A 
+ 


til 
TTT 


1 
T 






104 


| L 1 j 

TTTT 


I- 1 

TT 


*ii 
TTT 


1 
T 






105 


i i i i 

tttt 


111 
TTT 


1 
T 








106 


111 
TTT 


i 

t 


j i i i 
TTTT 


1 
T 


11 

TT 




107 


++ 


++ 


T 


+ 


T 




108 


+ 


+ 


T 




T 




109 


++ 


± 


± 


+ 


+++ 




110 


++ 






+ 


++++ 




111 


+ 


++ 


± 








112 


+ 


+ 


T 


T 


T 




113 


++ 


+ 


++ 


+ 






114 


++ 




++ 


T 


T++T 




115 


++ 


+ 


4ND 


ND 


TT 




116 


++ 




ND 


ND 






117 


+++ 




ND 


ND 


TTTT 





* cpm values are corrected and categorized according 
to unrelated antigen response in vitro. 

** Antibody raised in Balb/C mice, reactivity measured 
by ELISA and categorized according to the end point. 

4 Not determined. 
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EXAMPLE 3 - T Cell Responses 

[01 23] The high molecular weight, multimeric di-Cys peptide polymeric forms of the peptides described in EXAMPLE 
1 were assayed for their elicrtation of a T cell proliferative response as in Millich et al. (1985). 

5 [0124] Mice (3 or 5 mice/group) were injected in the right hind footpad with a 1:1 mixture of peptide polymer 
(100yg/injection) and CFA . Peptides 61, 63, 65 and 67 were injected into B6C3 F1 mice (H^* 345 , Charles River Labo- 
ratories) and A.SWXBALB/C F1 mice (H-2 sxd , Jackson Labs, Bar Harbor, ME). Draining popliteal lymph node (PLN) 
cells were harvested after ten (10) days, and cultured (2x1 0 5 cells/well) in 96-well microtiter plates in 0.2 ml of Click's 
medium (Click et al., 1972) containing various concentrations of synthetic peptide, gp160, an unrelated proteinaceous 

10 material or medium alone, for 96 hours at 37°C in a humidified atmosphere of 5% C0 2 . During the final 16-18 hours of 
culturing, 3 H-thymidine ( 3 H-TdR) (1u.Ci/we!l, 6-7 Ci/mmole, ICN Radiochemicals) was added. The cells were harvested 
onto filter strips and 3 H-TdR incorporation was monitored. The data are presented in FIGURES 1 , 2, 3, 4 and 5. 
[0125] FIGURE 1 illustrates the results for peptides 61 , 63, 65, 67 in BALB/C mice, and those results are expressed 
as a stimulation index (SI) representing the fold increase in radioactivity counts in the presence of antigen compared to 

75 background values where no antigen was added. The SI values with the different peptides were compared to that 
obtained with tuberculin purified protein derivative (PPD) as a positive control antigen. 

[0126] FIGURES 2-5 illustrate the peptide-specif ic 3 H-TdR incorporation for T cell responses (delta cpm) in mice with 
differing major histocompatibility (MHC) haplotypes, B6C3 F1 (C57B1/6xC 3 H/HcJ) mice (FIGURES 2 and 4) and 
(A.SWxBALB/c) F1 mice (FIGURES 3 and 5), for all of the synthetic peptides. The 3 H-TdR incorporation values repre- 
20 sent the difference between the radioactivity values obtained in wells containing antigen and in control wells without 
added antigen. The non-specific proliferation of PLN cells was determined by including an unrelated peptide in the 
assays, shown as a horizontal bar for each peptide. 

[0127] Ail of the assayed peptides exhibited good T cell proliferative responses in B6C3 F1 mice, whereas all of the 
assayed peptides, except peptides 105, 107. 109 and 111, exhibited good T cell proliferative responses in A- 
25 SWxBALB/c F1 mice. 

[0128] It was demonstrated by the results above and those described in EXAMPLE 2 that peptides 61, 63, 103, 104 
and 1 1 3 do not stimulate anti-peptide antibody production but are very good immunogens, in their disulfide (di-Cys) pol- 
ymeric form, for eliciting a strong T cell response directed against both the corresponding peptide and the native HIV 
envelope protein gp160. 

30 [0129] T cell proliferation measured by 3 H-TdR incorporation, was also similarly assayed as a function of the T cell 
antigen concentration, using various amounts of native gp120 or gp160 as one control, and PPD as another control. 
PLN from B6C3 F1 mice were used in these studies. The results for peptides 104 and 105 versus gp120 are shown in 
FIGURES 6A and 6B, respectively; those for peptides 61 and 63 versus gp160 are shown in FIGURES 7A and 7B, 
respectively; and those for peptides 65 and 1 1 1 versus gp120 are shown in FIGURES 8A and 8B, respectively. 

35 

EXAMPLE 4 - Induction of HIV-Specrfic Cytotoxic T Lymphocytes 

[0130] Groups of 3 to 5 syngeneic female mice (6 to 8 weeks of age) are immunized by intradermal injection in an 
appropriate site with an aqueous composition containing an immunizing (CTL-stimulating) amount of peptide either as 
40 monomer or as the before-discussed multimers in CFA (1:1). Ten (10) days after immunization, draining PLN cells and 
spleen lymphocytes are obtained and restimulated in vitro by culturing for six (6) days with irradiated syngeneic normal 
spleen cells that were pre-treated with the same synthetic peptide as immunogen. 

[0131] The presence of cytotoxic T lymphocytes (CTL) is determined by a 4-hour 51 Cr release assay as follows. The 
PLN cells are maintained for five days at 37°C in Clicks medium containing 10% fetal calf serum (FCS) together with 
45 irradiated syngeneic normal spleen cells that were pre-treated with the appropriate test peptide. These cells are desig- 
nated as the effector cells, and express H-2 d MHC class I antigen. 

[0132] Target cells (phytohemagglutinin-stimulated (PHA) blasts of syngeneic mouse spleen cells or P815 mouse 
cells expressing a corresponding HIV protein) are washed three times with serum-free RPM1 1640 medium and then 
admixed, contacted and maintained (incubated) at 37°C for about 1 .5 to about 2 hours together with 250jiCi of sodium 

so chromate (specific activity 200-400 Ci/g of 51 Cr, New England Nuclear, Boston, MA). The target cells are subsequently 
washed with RPM1 1640 medium containing 10% FCS, and resuspended in RPM1 1640 with 10% FCS and different 
concentrations of peptide. These cells are then washed 3 times with RPMI containing 10% FCS and resuspended at 5 
x 10 4 cells/ml. A IOOulI aliquot of each cell suspension is added to a well of a 96-well-U-bottom microtiter plate. 
[01 33] A 1 00\i\ aliquot of the appropriate effector cell suspension (5 x 1 0 6 cells/ml) is added to each well and a twofold 

55 serial dilution made to obtain different effector-to-target cell (E:T) ratios. Control wells receive 0.1ml of RPMI medium 
with 10% FCS alone in the absence of effector cells to obtain a value for spontaneous 51 Cr release, and receive 0.1ml 
of 5% Triton X-100 detergent to obtain a value for maximum 51 Cr release. 

[0134] The plates are incubated at 37°C for about 4 hours, following which 100ut1 of supernatant from each well is 
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monitored in a gamma counter to determine 51 Cr release. The percent cytotoxicity is calculated as 



(Effector Cell-Stimulated Release) - (Spontaneous Release) 
Maximum Release - Spontaneous Release 



x100 



5 



EXAMPLE 5 - Rapid assay of HIV-specific CTLs Induced by an Immunodominant peptide. 

[0135] A peptide with the sequence RIQRGPGRAFVTIGK, herein referred to as R15K (seq id no:1), from the HIV 
10 gp1 60 immunodominant V3-loop has previously been identified as a CTL immunodominant epitope in H-2 d mice (Taka- 
hashi et a/., 1988). In the original studies, CTLs induced in vivo by infecting Balb/c mice with recombinant vaccinia virus 
expressing HIV env proteins, were shown to lyse syngeneic target cells pre-incubated with R15K. Unfortunately, to 
date, immunizing mice with free R15K peptide has been unsuccessful in inducing CTLs (Berzofsky, 1991). 
[0136] Accordingly, the present inventors sought to examine the induction of CD8 + HIV R15K-specific CTLs in 6-8 
15 week old Balb/c mice by employing differing sites of inoculation, differing forms of the peptide, and recovering the effec- 
tor cells from different tissue origins. It was observed that draining popliteal lymph nodes (PLN) of mice immunized in 
the hind-foot pad with 100jig of the R1 5K peptide, (seq id no:1) in a 1 :1 emulsion with CFA, were the best source of CTL 
effectors against irradiated (3300 rads) syngeneic target cells preincubated with monomeric R15K (40jig/rnl for 2h at 
37°C). This has particular importance and physiological significance because human lymph nodes have been 
20 described as the primary site of HIV replication (Kaneshima et a/., 1991 ; Fauci 1 991). An important aspect of this immu- 
nization protocol is that CTLs could be recovered by mild homogenization from PLN surgically removed after only 10 
days. 

[01 37] To determine the optimal form of the peptide for consistent induction of peptide-specif ic CTLs in vivo, the R1 5K 
peptide (seq id no:1) was prepared in three different configurations: a) linear monomer, b) disuH de-linked polymer 

25 formed by oxidation of cysteine residues added at both the N- and C-termini and c) micelles formed by conjugating the 
peptide to a dipalmityMysine-glycine-glycine at the N-terminus (Hopp, 1984; Sastry and Arlinghaus, 1 991 ). It was found 
that a single immunization of Balb/c mice in the hind-foot pad with any of the above R15K forms in CFA consistently 
resulted in generation of CTLs which specifically lysed MHC-matched target cells (P815, H-2* 3 ) pre-incubated with the 
peptide. Such responses were observed in 8 of 12 mice immunized with the monomeric form, in 13 of 13 mice immu- 

30 nized with the micelle form and 6 of 8 mice immunized with the disulfide polymer form of the peptide. Lysis of MHC- 
matched target cells without peptide pre-treatmertt (P815) was not observed. Representative results are shown in FIG- 
URE 9. 

[0138] The CTLs induced by all three forms of the peptide also specifically lysed P815 cells infected with a recom- 
binant vaccinia virus expressing HIV gp160 (VPE16), but not cells infected with a control vaccinia virus (P815+VSC8) 
35 (FIGURE 10). Western blotting with HIV antibody-positive human sera confined the presence of gp160 protein in 
VPE16-infected, but not in VSC8-infected P815 target cells. The peptide-induced CTLs in Balb/c mice were H-2 
restricted. They lysed only peptide pre-treated H-2 d target cells (P815) but not peptide-treated 3A9 target cell, which 
are expressing the H-2K haplotype (TABLE 7). 

[0139] Representative results with CTLs generated in mice immunized with the micelle form of R15K (seq id no:1) 
40 peptide are shown in TABLE 7. Similar results were obtained with CTLs induced by injection of the monomeric and pol- 
ymeric forms of the R1 5K peptide. 

[0140] Experiments were performed to determine whether the virus-specific CTLs were CD8 + or CD4 + . Treatment of 
the CTL effectors from mice immunized with monomeric peptide with anti-CD8 monoclonal antibodies (MAbs) and rab- 
bit complement abolished the cytotoxicity against peptide treated, or env expressing, targets (FIGURE 11 A). In con- 

45 trast, pre-treatment of effector cells with anti-CD4 MAbs plus complement, or complement alone, had no significant 
effect. Similar results were also obtained with CTLs generated in mice immunized with the peptide in micelle (FIGURE 
1 1 B) and polymeric forms. The induction of CD8 + CTLs by R15K (seq id no:1) is consistent with the use of P815 target 
cells which express MHC class I, but not class II, gene products (MaryansW et a/., 1985). MHC class l-restriction is com- 
monly observed with CD8 + effector CTLs. 

so [0141] Since the CTL epitope studied in the present investigation is in the middle of an immunodominant B cell active 
region of the HIV gp120, the B cell activity of the R15K peptide was investigated. Either as monomer or lipid tailed 
micelle or after conjugation to KLH, this peptide failed to induce in mice a measurable titer of anti-peptide antibody. 
However, the mice immunized with peptide conjugated to KLH did make antibodies against KLH, showing that the mice 
are immunocompetent. Sera from mice immunized in the foot pad were also tested, when it was observed that no anti- 

55 peptide antibodies were formed. 
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TABLE 7 



Peptide and Target Cell Specificity of CTL's induced in Balb/C 
Mice by the HIV env V3-Loop R15K Peptide (seq id no:1) 


Target Cells 


% Specific Lysis at Various Erf* Ratios 




100:1 


50:1 


25:1 


P815 b 


7.2 


0 


0 


P815 + A84 c 


76.7 


67.2 


65.9 


P815+B106 d 


4.2 


0.6 


0 


P815+B105 9 


6.7 


0 


0 


3A9 f 


7.0 


0.6 


0 


3A9+A849 


10.0 


8.0 


0 



a= Effector to target ceil ratio 
b= MHC-matched target cells (H-2 6 ) 
20 c= H-2 d cells pre-treated with HIV env V3-loop R15K peptide 

d= H-2 d cells pre-treated with a Influenza virus peptide 
e= H-2 d cells pre-treated with a Sendai virus peptide 
f= MHC-mis-matched target cells (H-2 k ) 
g= H-2 k target cells pre-treated with HIV env peptide V3-lcop 

25 

[0142] Despite the results presented immediately above, the location of R15K in a variable region (V3-loop) of HIV 
gp160 could be viewed as a reason for not selecting this peptide as a potential vaccine candidate. However, a compar- 
ison of gp160 amino acid sequences from 245 different HIV isolates has shown that as little as five different consensus 
sequences can be defined on a serological basis among all the viral isolates (LaRosa et al., 1990). Therefore, the inven- 
30 tors propose that a cocktail of CTL-inducing peptides from V3-loop regions encompassing all the principal HIV groups 
(which may be five or less) may be sufficient for generating CTLs specific for cells expressing gp1 20 from most if not all 
HIV strains. Such a mixture would then serve as a prototype vaccine for evaluation for prevention of HIV infection of 
humans. 

35 EXAMPLE 6 - Enhancement of Virus-Specific CTL Responses by T Helper Cell-Inducing Peptides. 

[0143] The present example concerns a method for enhancing the systemic distribution, level of activity, and longevity 
of virus-specific CTLs induced in response to CTL epitope-bearing peptides. This method involves the addition of a sep- 
arate and distinct class of peptides to the immunization mixture that possess T helper cell-inducing activity as a means 

40 to enhance the CTL-inducing capacity of a given peptide immunogen. 

[0144] The inventors method for inducing CTL responses against peptide immunogens, as described in EXAMPLE 
5, results in rapid CTL induction in the proximal lymph node (near the site of injection). However, it was noted that dis- 
tant lymphoid tissue (i.e. spleen) accumulated a lower level of antigen-specific CTLs. The inventors next reasoned that 
the further induction of T helper cell activity may be advantageous in improving the dissemination of specific CTLs. As 

45 the method described above allows screening of CTL-inducing peptides without the need to include T helper epitope 
sequences, the inventors tested whether HIV T-cell helper peptides physically mixed with the HIV-specif tc CTL-inducing 
peptide (RIQRGPGRAFVTIGK, R15K, seq id no:1) would enhance the observed CTL response in mice following mul- 
tiple subcutaneous (sc) injections. The T helper peptide selected for these studies was CRIKQIINMWQGVGKAMYA, 
C19A, (seq id no:2), which had been previously demonstrated to have T helper cell-inducing activity. 

so [0145] Balb/c mice were injected sc three times at bi-weekly intervals with R15K (seq id no:1) peptide mixed with the 
T helper peptide prepared in one of three forms: monomer, lipid tailed and di-sulphide polymer. One week after the last 
injection, spleen cells were obtained, restimulated and tested for CTL activity. This experiment was successful and sig- 
nificant CTL activity was observed in ail the mice (TABLE 8). This experiment was subsequently repeated by injecting 
mice so with a mixture of R15K and the monomeric form of the T helper peptide. In this experiment, spleen cells were 

55 assayed for HIV-specific CTL response after one, two and three sc injections and a lower, but significant, level of posi- 
tive CTL responses were observed (TABLE 9). 
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TABLE 8 



5 


CTL Activity of Spleen Cells From Balb/c Mice Immunized Subcutaneously 
(sc) with a Mixture of R15K (seq no:l) and the T-Helper Cell peptide C19A 

(seq id no:2) 




Immunogen 


%spec'rfic Lysis at various EiT* ratios 






Target cells 


200:1 


100:1 


50:1 


25:1 


10 


R15K+122 b 


p815 e 


22.9 


12.5 


7.9 


5.1 






psiSfRistf 


53.6 


47.4 


34.0 


25.2 






p815f1229 


10.6 


5.4 


3.8 


1.3 


15 


R15K+65 0 


p815 


8.4 


13.4 


7.5 


4.4 






P81S+R15K 


48.4 


27.9 


25.3 


12.9 






P815+122 


6.8 


9.9 


0 


0 




R15K+66 d 


p815 


27.4 


16.0 


16.0 


10.5 


20 




p815*R15K 


58.8 


37.4 


33.8 


20.7 






p815*122 


16.3 


7.0 


4.1 


2.2 



a= Effector to target cell ratios 

b= T=He!per cell peptide in its monomeric form mixed with R15K 
c= T-Helper cell peptide in its polymeric form mixed with R15K 
d= T-Helper cell peptide in its lipid =tailed from mixed with R15K 
e= MHC-matched target cells (P815, H-2 6 ) 
f= P81 5 target cells pre-incubated with R15K 

g=* P81 5 target cells pre-incubated with monomeric form of T-helper cell peptide. 



[0146] Mice were immunized subcutaneously with the peptide mixture emulsified in complete Freund's adjuvant (1 :1) 
at bi-weekly intervals for six weeks (total 3 injections). Spleens were harvested one week after the last injection and res- 
timulated for 5 days, as described by Sastry et a/., 1992. Peptide 122 is a T-helper cell stimulating peptide that has the 
35 sequence CR I KQ 1 1 NM WQG VGKAM YA, also herein referred to as C19A (seq id no:2); R15K is a CTL-inducing peptide 
that has the sequence RIQRGPGRAFVTIGK (seq id no:1). Both sequences originated from the gp120 sequence of 
HIV-1 (Sastry et a/., 1991; 1992). 
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TABLE 9 



CTL Activity of Spleen Cells from Balb/c Mice Immunized Subcutaneously (sc) with 
a Mixture of R15K (seq id no:1) and the T-Helper Cell peptide C19A (seq id no:2) 


ff ot injections 


%specific Lysis at various EiT® ratios 






100:1 


50:1 


25:1 


12.5:1 




p815 c 


2.9 


4.7 


3.3 


3.3 




pSIS+RISK* 


11.0 


7.7 


3.6 


0.1 




P815+122 6 


9.4 


3.8 


2.2 


1.6 


2 


p815 


5.5 


3.8 


1.6 


1.8 




P815+R15K 


13.1 


11.0 


5.0 


0.8 




P815+122 


3.0 


4.3 


2.8 


1.8 


3 


p815 


6.6 


3.6 


4.3 


4.3 




P815+R15K 


13.7 


4.3 


5.6 


0.5 




P815+122 


10.5 


5.2 


4.9 


6.8 



a= Effector to target cell ratios 

b= Mice were immunized either once, twice or three times with a mixture of R15K and the mon- 

omeric form of T-helper cell peptide 

c= MHC-matched target cells (P815, H-s 6 ) 

d= P81 5 target cells pre-incubated with R1 5K 

e= P815 target cells preincubated with the monomeric form of T-helper cell peptide 



30 [0147] Mice were immunized subcutaneously with the peptide mixture emulsified in CFA (1 :1 ) at two week intervals. 
One week after each injection, spleen cells were harvested and restimulated as described by Sastry et la., 1992. 
[0148] To date the R15K peptide by itself has not been shown by any other group to be capable of inducing a CTL 
response. But the present inventors, as disclosed herein, have demonstrated CTL induction in the popliteal lymph node 
within 7 days by a single id immunization of Balb/c mice with R15K alone (FIGURE 12A). It was therefore reasoned that 

35 a mixture consisting of R1 5K and the T helper peptide when injected once by the id route might be sufficient to achieve 
systemic spread and longevity of HIV- specific CTL response. 

[0149] A number of mice were immunized with a single id injection in the footpads with either the CTL peptide (R15K) 
alone or in a mixture with the T helper peptide C19A (seq id no:2). The results (FIGURE 12) showed that mice immu- 
nized with the mixture had substantially higher CTL responses in the spleen than mice receiving just the R15K peptide 

40 alone (FIGURE 12B). In addition, the high level of CTL response in the spleen was maintained for up to eight weeks 
after a single id injection, whilst the helper T-ce!l peptide (C19A, seq id no:2) injected along lacked CTL-inducing activity. 
[0150] Lasarte et al. (1992) recently reported that multiple intraperitoneal injections of mixtures of an Rl5K-bearing 
CTL epitope and a helper T-cell epitope, KQU II NM WQEVGKAMYA, in mice induced a low level HIV-specific CTL 
response after three weeks. However, in these experiments, the CTL peptide by itself was not capable of inducing HIV- 

45 specific CTLs even after multiple injections. Therefore, the role of T helper peptide in these studies is not clear. On the 
other hand, the studies described above show that the CTL-peptide possesses the CTL-inducing capacity and the role 
of T helper peptide is to disseminate and enhance that inherent CTL response of the CTL-peptide. These studies there- 
fore indicate that in order to achieve an efficient, systemic and long lasting cell-mediated immunity, the candidate vac- 
cine preparation should ideally include both T helper and CTL peptides. Another important aspect of this invention is 

50 that such a mixture given once intradermally is sufficient to induce a long lasting systemic antigen-specific CTL 
response. 

EXAMPLE 7 - Rapid Induction of Influenza Virus- and Sendai Virus- Specific CTLs 

55 [0151] The protocol developed for the induction of HIV-specific CTLs, as described above in EXAMPLE 5, was 
believed to be generally applicable to the identification, selection and assay of any peptide with unknown epitope spe- 
cificity, for its ability to prime CTLs in vivo. Accordingly, the in vivo peptide-induction of CTLs specific for influenza virus 
was examined. Deres et al.. (1989) had previously shown that a synthetic peptide R\ TYQRTRALVTG (aa 147-158). 
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corresponding to a portion of the nucleoprotein of influenza virus, could prime influenza virus-specific CTLs in mice in 
vivo only when covalently linked through the N-terminus to tripalmitoyl-S-glycerylcysteinyl-seryl-serine (P 3 CSS). How- 
ever, using the protocol described above, specific CD8 + CTLs, that lysed target cells pre-treated with this peptide, could 
be induced in vivo by immunization with the free synthetic peptide (TABLE 10). 
5 [0152] Employing this immunization protocol, an in vivo CTL response was also successfully generated against the 
unmodified free synthetic peptide, HGEFAPGNYPALWSYA, which represents the immunodominant CTL epitope from 
the nucleoprotein of Sendai virus (B105: NP 321-336). 

[01 53] Thus, this method was indeed found to be useful in systems other than those related to the HIV virus. Further- 
more, it is believed that this rapid screening method will have medical utility for developing candidate vaccines and ther- 
10 apeutics for various infectious diseases. 



TABLE 10 



In Vivo Priming of Peptide Specific CTLs in Balb/C Mice with a Free Synthetic 
Peptide (B1 06) from Influenza Virus Nucleoprotein 


Treatment To Effector 
Cells 


Target 


% Specific Lysis at Various E:7* Ratios 




Cells 


160:1 


80:1 


40:1 


20:1 


No Treatment 


P815 b 


5.7 


0 


0 


2.5 


No Treatment 


P815+B106 c 


83.9 


76.6 


57.1 


47.3 


No Treatment 


P81 5+6105* 


11.0 


26.0 


19.3 


16.0 


+ Complement 


P815+B106 


83.3 


73.6 


58.2 


39.7 


+ anti-CD4 +C 


P815+B106 


67.2 


59.3 


40.7 


25.8 


+ anti-CD8 +C 


P815+B106 


2.5 


0 


0 


0.4 


+ anti-CD4 


P815+B106 


64.8 


67.9 


44.7 


24.8 


+ anti-CD8 


P815+B106 


53.6 


43.3 


23.7 


5.8 


No Treatment 


3A9 e 


0 


0 


ND 


ND 


No Treatment 


3A9+B106 f 


0 


0 


0 


0 



35 ND= Not Done 

a= E:T = Effector to target cell ratio 

b= MHC-matched target cells {H-2*) 

c= H-2 d target cells pre-treated with Influenza virus peptide 

d= H-2 d target cells pre-treated with Sendai virus peptide 
4Q e= MHC-mis- matched target cells (H-^) 

f= H-^ target cells pre-treated with Influenza virus peptide 

EXAMPLE 8 - Inhibition of HIV-1 Infection and Syncytia Formation by Human Cells by Synthetic Peptides from gp120. 

45 [0154] The present example describes the identification and use of synthetic peptides, derived from gp120, to protect 
human cells against HIV-1 infection, and to inhibit syncytia formation. MT-4 cells are human T cells that are chronically 
infected by the human T cell leukemia virus type 1 and undergo lytic infection with HIV-1 (Larder et a/., 1 989). Therefore, 
inhibition of HIV-1 infection of MT-4 cells will prevent cell death. 

[0155] The ability of gp120 derived synthetic peptides to inhibit HIV infection of cells was investigated. Evidence was 
so obtained to demonstrate that synthetic peptides of varying length (8-24) amino acids) selected from the V3 loop of 
gp120 inhibited HIV infection of both cultured human Tcells (FIGURES 13, 14 & 15) as well as freshly prepared primary 
human T cells (FIGURE 16). 

[0156] It was observed that both the 24 amino acid peptide N24G (aa 308-31 1 , NNTRKSIRIQRGPGRAFVTIGKIG, 
seq id no:3) and the 15 amino acid peptide R15K (aa 315-329, RIQRGPGRAFVTIGK, seq id no:1), with sequences 
55 derived from the V3 loop of HIV-1 1MB, inhibited HIV-1 infection of primary human T cells by 92% at 1 jig/ml (approxi- 
mately 0.4-0.6 fiM) concentration (FIGURE 16). An 8 amino acid shorter form of the V3 loop peptide, R8K (aa 322-329, 
RAFVTIGK, seq id no:5) also showed 66% inhibition of HIV-1 infection of primary human T cells at 1 ng/ml (approxi- 
mately 1.25 jiM) concentration (FIGURE 16). Synthetic peptides from V3 loop regions of heterologous isolates, HIV- 
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1mn (T13Q, TKGPGRVIYATGQ, seq id no:6) and HIV-1rf (H13N, HIGPGRAFYTTKN, seq id no:7), also showed signif- 
icant inhibition (>60%), each at 1 ng/ml (approximately 0.78 fiM) concentration, of cells by the 1MB strain (FIGURE 16). 
[0157] A variety of other peptides with sequences derived from the V3 loops of other HIV-1 strains were also found to 
exhibit significant activity with respect to the inhibition of HIV-1 1MB infection of human cells. As detailed in TABLE 1 1 A, 
5 these peptides include 023, D24, D25, D26, D30, D35, D38, D39, D40 and D44, which reflect a variety of strains such 
as mn, rf, wmj-3, sc, z6, eli, mn (y-l) and mn (y-p). However, it is important to note that this assay was confined specif- 
ically to inhibiting the infection of the heterologous strain HIV-1 1MB. Therefore peptides, such as those in TABLE 11B, 
which did not show activity in this specific assay may still have utility as infection-inhibiting sequences to combat the 
variety of HIV strains known to be present in the infected human population. 

10 



TABLE 11 A 



15 


EFFECT OF V3 LOOP PEPTIDES ON HIV-1 IIIB INFECTION OF HUMAN CELLS 


PEPTIDE NO. 


STRAIN 


SEQUENCE 


RT ACTIVITY (CPM) 


% RT INHIBITION 




D23(24aa) 


MN 


YNKRKRIHIGPGRAFYT TKNNIGC 


94 


98.8 




D24(15aa) 


MN 


RIHIGPGRAFYTTKN 


5000 


22.1 




D25(15aa) 


WMJ-3 


SLSIGPGRAPRTREI 


4342 


42.4 


20 


D26(24aa) 


RF 


NNTRKSITKGPGRVIYA TGQIIGD 


2093 


72.2 




D30(15aa) 


SC 


SIH IGPGRAFYATGD 


3443 


54.3 




D35(15aa) 


Z62 


STP !G LGQ ALYTTRG 


5242 


30.3 


25 


D38(15aa) 


ELI 


RTPTGLGQSLYTTRS 


5823 


33.7 




D39(15aa) 


MN(Y-L) 


RIH IGPGARFLTTKN 


1978 


73.8 




D40(15aa) 


MN(Y-F) 


RIH IGPGRAFFTTKN 


2805 


62.8 




D44(15aa) R15K 


IIIB 


RIQRGPGRAFVTIGK 


2021 


73.2 


30 


Uninfected cells 






558 





35 

TABLE 11B 



EFFECT OF V3 LOOP PEPTIDES ON HIV-1 IIIB INFECTION OF HUMAN CELLS 


PEPTIDE NO. 


STRAIN 


SEQUENCE 


RT ACTIVITY (CPM) 


% RT INHIBITION 


D27(15aa) 


NY-5 


GIAIGPGRTLYAREK 


7657 


0 


D28(15aa) 


RF 


SITKGPGRVIYATGQ 


7634 


0 


D29(15aa) 


CDC4 


RVTLGPGRVWYTTGE 


13009 


0 


D31(15aa) 


23 


SIRIGPGKVFTAKGG 


11877 


0 


D32(15aa) 


SF2 


SIYIGPGRAFHTTGR 


8002 


0 


D33(15aa) 


MAL 


GIHFGPGQALYTTGI 


8959 


0 


D34(15aa) 


Z321 


SISIGPGRAFFATTD 


11142 


0 


D37(15aa) 


JY1 


STPIGLGQALYTTRI 


7027 


0 


No Peptide 






7528 


0 


Uninfected cells 






558 





55 

[0158] The capacity of peptide E13V, EQLWVTVYYGVPV (seq id no:4), from the ami no-terminal portion of gp120 to 
inhibit HIV-1 infection of primary human T cells was also determined. It was observed that this peptide, at as low as 1 
ng/ml concentration (approximately 0.77 nM), inhibited HIV-1 infection by 90% (FIGURE 18). 
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[0159] Further studies were conducted to determine the effect of V3 loop synthetic peptides from different HIV-1 
strains on syncytium formation. For these studies Hell CD4 cells were infected with recombinant vaccinia viruses 
expressing the envelope protein gp160 of HIV-1 IIIB, mn or rf strains, at an m.o.i. of 100, in the presence and absence 
of V3 loop peptides from respective the HIV-1 stains (i.e., R15K, H13N and T13Q). At 18 hours post infection, cells were 
5 observed under microscope, using a magnification of 100, for syncytia. 

[0160] In these studies, no syncytia were observed in cells incubated with the synthetic peptides before infection with 
the respective recombinant vaccinia viruses. These results clearly demonstrate the capacity of the V3 loop peptides to 
inhibit cell to cell spread of HIV-1. 

[0161] Studies were conducted to examine the stability of the R15K peptide from HIV-1 IIIB isolate in serum. In these 

w studies the R15K (seq id no:1) peptide was incubated in fetal calf serum at 37°C and at different time intervals during 
the incubation aliquots at a final concentration of 1 jig/ml (approximately 0.6 pM) were tested for inhibition of HIV-1 
infection of a human T cell line (MT-4 cells). The results are shown in FIGURE 17. The R15K peptide retained its full 
strength inhibitory activity for up to 4 hours and 50% of control untreated peptide inhibitory activity was retained even 
after 24 hours incubation at 37°C in fetal calf serum. 

15 [01 62] It is envisioned that stability examinations will be conducted on any synthetic peptide, or mixtures thereof, iden- 
tified for potential clinical use. Such tests will include, for example, pre-incubation in human serum and plasma; treat- 
ment with various proteases; and also temperature- and pH-stability analyses. If found to be necessary, the stability of 
the synthetic peptides may be enhanced by any one of a variety of methods such as, for example, employing d-amino 
acids in place of l-amino acids for peptide synthesis; using blocking groups like t-boc and the like; or encapsulating the 

20 peptides within liposomes. The bio-availability of select mixtures of peptides may also be determined by injecting radio- 
labelled peptides into mice and rhesus monkeys and subsequently analyzing their tissue distribution. 
[0163] In addition to the inventors' previous demonstration that the R15K peptide can induce CTL responses (see 
above, EXAMPLE 5), they also show this peptide and its analogues from other HIV-1 isolates, to efficiently protect 
human T cells from HIV-1 infection. This activity was demonstrated using cultured cells such as H9, CEM and MT-4 

25 cells, and freshly prepared human T cells. These results indicate that the V3 loop peptides can act in two separate 
ways: 1) to induce HIV-1 specific cytotoxic T lymphocytes that specifically kill cells expressing HIV-1 gp120; and 2) to 
prevent infection of normal cells by infectious virus. Thus, these V3 loop peptides have utility not only for vaccines but 
also as therapeutic reagents to prevent HIV-1 infection in humans or reduce the spread of virus infection in HIV-infected 
individuals. 

30 

EXAMPLE 9 - Induction of HIV-specific T cell Responses in Monkeys on Immunization with a Synthetic Peptide Cocktail 

[0164] The present example describes the successful induction of HIV-specific T cell responses in rhesus monkeys 
with a mixture of eight synthetic peptides, seven of which were derived from conserved regions of the HIV-1 envelope 
35 protein. These results, demonstrating the induction of HIV-1 specific T cell responses in a non-human primate model, 
constitute an important step towards identifying and formulating a synthetic peptide-based vaccine that can induce a 
broad based cell-mediated immunity for protecting humans against HIV infection. 

[0165] In the present studies, three rhesus monkeys (#7, #23 and #283C) were immunized subcutaneously with 1 ml 
(0.1 ml/site) of a mixture of eight synthetic peptides (300 jig of each peptide in sterile water) emulsified in complete Fre- 
40 und's adjuvant at 1:1 ratio. These eight peptides, termed 61, 63, 104, 105, 111, 113, 116 and R15K (TABLE 12), had 
previously been identified as gp160-specific T cell active synthetic peptides. At 3 and 7 weeks after the primary immu- 
nization, two booster injections of the peptide mixture (150 ng of each peptide in sterile water) emulsified in incomplete 
Freund's adjuvant were given to each monkey. Monkey #7 was terminated after 34 weeks, for health reasons unrelated 
to the study, while the remaining two monkeys (#283C and #23) received one additional booster injection at 25 weeks. 

45 



TABLE 12 



AMINO ACID SEQUENCES OF IMMUNIZING PEPTIDES 


peptide 61 


aa 586-598 


YLRDQQLLGIWGC 


peptide 63 


aa 519-543 


FLGFLGAAGSTMGAASLTLTVQARC 


peptide 104 


aa 45-55 


VYYGVPVWKEA 


peptide 105 


aa 48-61 


GVPVWKEATTLFC 


peptide 111 


aa 118-130 


LWDQSLKPCVKLT 


peptide 113 


aa 204-216 


SVITQACSKVSFE 
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TABLE 12 (continued) 



AMINO ACID SEQUENCES OF IMMUNIZING PEPTIDES 


peptide 116 
peptide R15K 


aa 240-252 
aa 315-329 


GTGPCTNVSTVQC 
RIQRGPGRAFVTIGK 



[0166] The numbering of arnino-and carboxy terminal amino acids of each peptide are according to the sequence 
reported by Modrow et al., 1987. 
w [0167] At two week intervals following the first immunization of each animal, 15 ml of whole heparinized blood was 
collected by venous puncture. The peripheral blood mononuclear cells (PBMC) were separated by standard ficoll- 
hypaque centrif ugation and employed in proliferation assays. The PBMCs were monitored every two weeks for a period 
of 32 weeks for proliferative responses against individual peptides and recombinant gp160. 

[0168] It was found that PBMCs from all three rhesus monkeys showed good proliferative responses with peptides 
15 104 (aa 45-55), 111 (aa 1 18-130) and 63 (aa 519-543); while weak responses were observed with peptides 1 13 (aa 
204-216) and 1 16 (aa 240-252) (TABLE 13). Two of the three rhesus monkey-derived PBMC preparations also showed 
good proliferative responses with peptide 61 (aa 586-598) (TABLE 1 3). A significant response was not detected in any 
of the monkeys with peptides 105 (aa 48-61) and R15K (aa 315-329). PBMCs from all three monkeys showed signifi- 
cantly high proliferative responses with recombinant gp160, the HIV-1 envelope protein precursor, for the entire period 
20 of the experiment. 



TABLE 13 



T-cell Proliferation Responses 


Peptide 


Rhesus Monkey 




#7 


#23 


#283C 


104 (aa 45-55) 


4+ 


2+ 


4+ 


111 (aa 118-130) 


3+ 


2+ 


3+ 


63 (aa 519-543) 


2+ 


4+ 


3+ 


113 (aa 204-216) 


1 + 


2+ 


2+ 


1 16 (aa 240-252) 


1+ 


3+ 


2+ 


61 (aa 586-598) 




3+ 


2+ 


R15K (aa 315-329) 








GP160(aa 1-863) 


6+ 


4+ 


4+ 


(-), no detectable response; (1+), poor response; (2+), good 
response; (3+), better response; (4+, 6+), best response. 



[0169] These results demonstrate that mixtures of synthetic peptides from HIV env gene product can prime gp160- 
45 specific T cell responses in rhesus monkeys. Because of their ability to induce specific T-cell responses both in mice 
and rhesus monkeys, these HIV env peptides are proposed to be useful as components of vaccines to prevent HIV 
infection in humans. 
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(5) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Glu Gin Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val 
15 10 

(6) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Arg Ala Phe Val Thr He Gly Lys 
1 5 

(7) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



40 



EP 0 671 947 B1 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Thr Lys Gly Pro Gly Arg Val He Tyr Ala Thr Gly Gin 
15 10 

(8) INFORMATION FOR SEQ ID NO: 7: 



(i) 


SEQUENCE CHARACTERISTICS: 


(A) 


LENGTH: 13 aaino acids 


(B) 


TYPE: amino acid 


(C) 


STRAND EDNESS : single 


(D) 


TOPOLOGY: linear 


(ii) 


MOLECULE TYPE: peptide 


(xi) 


SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



His lie Gly Pro Gly Arg Ala Phe Tyr Thr Thr Lys Asn 
15 10 



Claims 



1 . A composition comprising a first and second peptide, the first peptide comprising a CTL-inducing epitope and the 
second peptide comprising an HIV infection-inhibiting peptide sequence that inhibits the entry of HIV to a target 
cell. 

2. The composition of claim 1 , wherein the first peptide comprises a sequence which is both a CTL-inducing epitope 
and an HIV infection-inhibiting peptide sequence that inhibits the entry of HIV to a target cell. 

3. The composition of claim 1 or 2, further comprising a third peptide, wherein the third peptide comprises a CTL 
response-enhancing T helper cell-inducing epitope. 

4. The composition of claim 3, wherein the CTL response-enhancing T helper cell-inducing epitope is characterized 
as having an amphipathicrty value of from about plus 10 to about plus 20. 

5. The composition of claim 3 or 4, wherein the sequence of the first, second or third peptide comprises a sequence 
derived from an HIV gene product. 

6. The composition of claim 5, wherein the sequence of the peptide comprising a CTL-inducing epitope comprises a 
sequence in accordance with those presented in TABLE 1 . 

7. The composition of claim 5, wherein the sequence of the first, second or third peptide comprises a sequence 
derived from an HIV envelope gene product. 

8. The composition of claim 7, wherein the sequence of the first, second or third peptide comprises a sequence 
derived from HIV gp120. 
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9. The composition of claim 8, wherein the sequence of the peptide comprising a CTL-inducing epitope comprises a 
sequence derived from the V3 loop of HIV gp120. 

10. The composition of claim 9, wherein the sequence of the V3 loop-derived CTL-inducing peptide comprises a 
5 sequence in accordance with those presented in TABLE 2. 

11. The composition of claim 10, wherein the sequence of the V3 loop-derived CTL-inducing peptide includes the 
sequence RIQRGPGRAFVTIGK (R15K, seq id no:1). 

10 1 2. The composition of claim 8, wherein the sequence of the peptide comprising the CTL response- enhancing T helper 
cell-inducing epitope comprises a sequence derived from an HIV gp120 sequence characterized as having an 
amphipathicity value of from about plus 10 to about plus 20. 

13. The composition of claim 12, wherein the sequence of the CTL response-enhancing T helper cell-inducing peptide 
is includes the sequence CRIKQI INMWQGVGKAMYA (C19A, seq id no:2). 

14. The composition of claim 7, wherein the peptide comprising the HIV infection-inhibiting peptide sequence com- 
prises a sequence wherein antibodies against which sequence are capable of inhibiting HIV cellular infection. 

20 15. The composition of claim 8, wherein the sequence of the HIV infection-inhibiting peptide comprises a sequence 
derived from the V3 loop, the N-terminal portion, or the CD4 binding region of HIV gp120. 

16. The composition of claim 15, wherein the sequence of the HIV infection-inhibiting peptide comprises a sequence 
in accordance with those presented in TABLE 1 1 A. 

25 

17. The composition of claim 15, wherein the sequence of the HIV infection -inhibiting peptide includes the sequence 
RIQRGPGRAFVTIGK (R15K, seq id no:1), NNTRKSIRIQRGPGRAFVTIGKIG (N24G. seq id no:3), EQLWVTVYY- 
GVPV (E13V, seq id no:4), RAFVTIGK (R8K, seq id no:5), TKGPGRVIYATGQ (T13Q, seq id no:6), or HIGP- 
GRAFYTTKN (H13N, seq id no:7). 

30 

18. The composition of claim 17, wherein the sequence of the HIV infection-inhibiting peptide includes the sequence 
EQLWVTVYYGVPV (E13V, seq id no:4). 

19. The composition of claim 1 , wherein the peptides are monomers, polymers or lipid-tailed peptides. 

35 

20. The composition of claim 1 , wherein the peptides are dispersed in a pharmacologically acceptable vehicle. 

21. The composition of claim 1 , wherein the sequence of the first peptide is derived from an influenza virus protein or 
a sendai virus protein. 

40 

22. The composition of claim 21 , wherein the sequence of the peptide includes the sequence TYQRTRALVTG or HGE- 
FAPGNYPALWSYA. 

23. Use of a composition in accordance with any one of claims 1 through 22 in the preparation of a medicament for 
45 eliciting an immune response in a mammal. 

24. Use of a composition in accordance with any one of claims 1 through 22 in the preparation of a medicament for 
inhibiting HIV infection of a target cell. 

so 25. A method of preparing cytotoxic T cells specifically primed to a selected composition, the method comprising: 

(a) immunizing an animal with the composition of any of claims 1-22 capable of priming cytotoxic T cells; and 

(b) recovering cytotoxic T cells from draining lymph nodes of said immunized animal. 

55 

PatentansprQche 

1. Zusammensetzung, umfassend ein erstes und ein zweites Peptid, wobei das erste Peptid ein CTL-induzierendes 
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Epitop und das zweite Peptid eine HIV-lnfektions-inhibierende Peptidsequenz umfaBt, die das Eindringen von HIV 
in eine Zielzelle inhibiert. 



2. Zusammensetzung nach Anspruch 1, wobei das erste Peptid eine Sequenz umfaBt, die sowohl ein CTL-induzie- 
s rendes Epitop als auch eine HIV-lnfektions-inhibierende Peptidsequenz ist, die das Eindringen von HIV in eine Ziel- 
zelle inhibiert. 

3. Zusammensetzung nach Anspruch 1 Oder 2, weiterhin umfassend ein drittes Peptid, wobei das dritte Peptid ein 
CTL-Reaktions-verstarkendes T-Helferzell-induzierendes Epitop umfaBt. 

10 

4. Zusammensetzung nach Anspruch 3, wobei das CTL-Reaktions-verstarkende T-Helferzell-induzierende Epitop 
dadurch gekennzeichnet ist, daB es einen amphipatischen Wert von ungefahr + 10 bis ungefahr + 20 besitzt. 

5. Zusammensetzung nach Anspruch 3 Oder 4, wobei die Sequenz des ersten, zweiten oder dritten Peptids eine 
15 Sequenz umfaBt, die aus einem HIV-Genprodukt abgeleitet ist. 

6. Zusammensetzung nach Anspruch 5, wobei die Sequenz des Peptids, das ein CTL-induzierendes Epitop umfaBt, 
eine Sequenz gemaB den in Tabelle 1 dargestellten umfaBt. 

20 7. Zusammensetzung nach Anspruch 5, wobei die Sequenz des ersten, zweiten oder dritten Peptids eine Sequenz 
umfaBt, die von einem HIV-Hull-Genprodukt abgeleitet ist. 

8. Zusammensetzung nach Anspruch 7, wobei die Sequenz des ersten, zweiten oder dritten Peptids eine Sequenz 
umfaBt, die von H1V-gp120 abgeleitet ist. 

25 

9. Zusammensetzung nach Anspruch 8, wobei die Sequenz des Peptids, das ein CTL-induzierendes Epitop umfaBt, 
eine Sequenz umfaBt, die von dem V3-Loop von HIV-gp120 abgeleitet ist. 

10. Zusammensetzung nach Anspruch 9, wobei die Sequenz des V3-Loop-abgeleiteten CTL-induzierenden Peptids 
30 eine Sequenz gemaB den in Tabelle 2 dargestellten umfaBt. 

11. Zusammensetzung nach Anspruch 10, wobei die Sequenz des V3-Loop-abgeleiteten CTL-induzierenden Peptids 
die Sequenz RIQRGPGRAFVTIGK (R15K, SEQ ID NO:1) umfaBt. 

35 1 2. Zusammensetzung nach Anspruch 8, wobei die Sequenz des Peptids, das das CTL-Reaktions-verstarkende T-Hel- 
ferzell-induzierende Epitop umfaBt, eine Sequenz umfaBt, die von einer HIV-gp120-Sequenz abgeleitet ist, die 
dadurch gekennzeichnet ist, daB sie einen amphipatischen Wert von ungefahr + 10 bis ungefahr + 20 besitzt. 

13. Zusammensetzung nach Anspruch 12, wobei die Sequenz des CTL-Reaktionsverstarkenden T-Helferzell-induzie- 
40 renden Peptids die Sequenz CRIKQIINMWQGVGKAMYA (C19A, SEQ ID NO:2) umfaBt. 

14. Zusammensetzung nach Anspruch 7, wobei das Peptid, das die HIV-lnfektionsinhibierende Peptidsequenz umfaBt, 
eine Sequenz umfaBt bei der AntikOrper gegen diese Sequenz in der Lage sind, eine zelluiare Infektion durch HIV 
zu inhibieren. 

45 

15. Zusammensetzung nach Anspruch 8, wobei die Sequenz des HIV-lnfektionsinhibierenden Peptids eine Sequenz 
umfaBt, die von dem V3-Loop, dem N-terminalen Anteil oder der CD4-Bindungsregion von HIV-gp120 abgeleitet 
ist. 

so 16. Zusammensetzung nach Anspruch 15, wobei die Sequenz des HIV-lnfektionsinhibierenden Peptids eine Sequenz 
gemaB den in Tabelle 1 1 A dargestellten umfaBt. 

17. Zusammensetzung nach Anspruch 15, wobei die Sequenz des HIV-lnfektionsinhibierenden Peptids die Sequenz 
RIQRGPGRAFVTIGK (R15K, SEQ ID NO:1), NNTRKSIRIQRGPGRAFVTIGKIG (N24G, SEQ ID NO:3). EQLWVT- 

55 VYYGVPV (E13V, SEQ ID NO:4), RAFVTIGK (R8K, SEQ ID NO: 5) TKGPGRVIYATGQ (T13Q. SEQ ID NO:6), 
Oder HIGPGRAFYTTKN (H13N, SEQ ID NO:7) umfaBt. 

18. Zusammensetzung nach Anspruch 17, wobei die Sequenz des HIV-lnfektionsinhibierenden Peptids die Sequenz 



43 




EP0 671 947 B1 



EQLWVTVYYGVPV (E13V, SEQ ID N0:4) umfaBt. 

19. Zusammensetzung nach Anspruch 1, wobei die Peptide Monomere, Polymere oder mit Lipid-Schwanzen verse- 
hene Peptide sind. 

5 

20. Zusammensetzung nach Anspruch 1, wobei die Peptide in einem pharmakologisch vertraglichen Vehikel disper- 
siert sind. 

21 . Zusammensetzung nach Anspruch 1 , wobei die Sequenz des ersten Peptids von einem Inf luenzavirusprotein oder 
w einem Sendaivirusprotein abgeleitet ist. 

22. Zusammensetzung nach Anspruch 21, wobei die Sequenz des Peptids die Sequenz TYQRTRALVTG oder 
HGE FAPG N YPALWSYA umfaBt. 

15 23. Verwendung einer Zusammensetzung gemaB einem der Anspruche 1 bis 22 bei der Herstellung eines Medika- 
ments zum Hervorrufen einer Immunantwort in einem Saugetier. 

24. Verwendung einer Zusammensetzung gemaB einem der Anspruche 1 bis 22 bei der Herstellung eines Medika- 
ments zur Inhibierung einer HIV-lnfektion einer Zielzelle. 

20 

25. Verfahren zur Herstellung von zytotoxischen T-Zellen, die auf spezrfische Weise gegen eine ausgewahlte 
Zusammensetzung geprimt sind, wobei das Verfahren die folgenden Schritte umfaBt: 

(a) Immunisieren eines Tiers mit der Zusammensetzung nach einem der Anspruche 1-22, die zytotoxische T- 
25 Zellen primen kann; und 

(b) Wiedergewinnen der zytotoxischen T-Zellen aus drainierenden Lymphknoten des immunisierten Tiers. 

Revendications 

30 1 . Composition comportant un premier et un deuxieme peptide, le premier peptide comportant un Epitope induisant 
des CTL et fe deuxieme peptide comportant une sequence peptidique inhibant une infection par HIV qui inhibe 
I'entree de HIV dans une cellule cible. 

2. Composition selon la revendication 1 , dans laquelle le premier peptide comporte une sequence qui est a la fois un 
35 Epitope induisant des CTL et une sequence peptidique inhibant une infection par HIV qui inhibe I'entree de HIV 

dans une cellule cible. 

3. Composition selon la revendication 1 ou 2, comportant de plus un troisieme peptide, le troisieme peptide compor- 
tant un Epitope induisant des cellules T auxiliaires augmentant la r6ponse des CTL 

40 

4. Composition selon la revendication 3, dans laquelle l'6pitope induisant des cellules T auxiliaires augmentant la 
r6ponse des CTL est caracteris6e comme ayant une valeur d'amphipathicite allant d'environ plus 10 a environ plus 
20. 

45 5. Composition selon la revendication 3 ou 4, dans laquelle la sequence du premier, du deuxfeme ou du troisieme 
peptide comporte une sequence derivee d'un produrt genique de HIV. 

6. Composition selon la revendication 5, dans laquelle la sequence du peptide comportant un Epitope induisant des 
CTL comporte une sequence conforms avec celles indiquees dans le TABLEAU 1 . 

50 

7. Composition selon la revendication 5, dans laquelle la sequence du premier, du deuxieme ou du troisieme peptide 
comporte une sequence derivee d'un produit du gene de Tenveloppe de HIV. 

8. Composition selon la revendication 7, dans laquelle la s6quence du premier, du deuxieme ou du troisieme peptide 
55 comporte une sequence deriv6e de gp1 20 de HIV. 

9. Composition selon la revendication 8, dans laquelle la sequence du peptide comportant un epitope induisant des 
CTL comporte une sequence derivee de la boucle V3 de gp120 de HIV. 
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10. Composition selon ta revendication 9, dans laqueile la sequence du peptide induisantdes CTL deriv6e de la boucle 
V3 comporte une sequence confbrme a celles indiqu6es dans le TABLEAU 2. 

1 1 . Composition selon la revendication 1 0, dans laqueile la sequence du peptide i nduisant des CTL d6riv6 de la boucle 
5 V3 indut la sequence RIQRGPGRAFVTIGK (R15K, s6q id n° : 1). 

12. Composition selon la revendication 8, dans laqueile la sequence du peptide comportant r Epitope induisant des cel- 
lules T auxiliaires augmentant la reponse des CTL comporte une sequence deriv6e d'une sequence de gp120 de 
HIV caracterisee en ce qu'elle a une valeur d'amphipathicrte allant d'environ plus 10 a environ plus 20. 

10 

13. Composition selon la revendication 12, dans laqueile la sequence du peptide induisant des cellules T auxiliaires 
augmentant la reponse des CTL inclut la sequence CRIKQIINMWQGVGKAMYA (C19A, s6q id n° : 2). 

14. Composition selon la revendication 7, dans laqueile le peptide comportant la sequence peptidique inhibant une 
15 infection par HIV comporte une sequence contre laqueile sont dirigSs des anticorps qui sont capables d'inhiber une 

infection cellulaire par HIV. 

15. Composition selon la revendication 8, dans laqueile la sequence du peptide inhibant une infection par HIV com- 
porte une sequence d6riv6e de la boucle V3, de la partie N-terminale, ou de la region de liaison a CD4 de gp120 

20 de HIV. 

16. Composition selon la revendication 15, dans laqueile la sequence du peptide inhibant une infection par HIV com- 
porte Une sequence conforme a celles indiqu6es dans le TABLEAU 1 1 A. 

25 17. Composition selon la revendication 15, dans laqueile la sequence du peptide inhibant une infection par HIV inclut 
la sequence RIQRGPGPAFVTIGK (R15K, s6q id n° : 1), NNTRKSIRIQRGFGRAFVTIGKIG (N24G. s6q id n° : 3), 
EQLWVTVYYGVPV (E13V, s6q id n° : 4), RAFVTIGK (R8K, s6q id n° : 5), TKGPGRVIYATGQ (T13Q, s6q id n° : 
6). ou HiGPGRAFYTTKN (H13N, s6q id n° : 7). 

30 18. Composition selon la revendication 1 7, dans laqueile la sequence du peptide inhibant une infection par HIV com- 
porte la sequence EQLWVTVYYGVPV (E13V, s6q id n° : 4). 

19. Composition selon la revendication 1 , dans laqueile les peptides sont des monomfcres, des polymSres ou des pep- 
tides a queue lipidique. 

35 

20. Composition selon la revendication 1, dans laqueile les peptides sont disperses dans un v6hicule pouvant fitre 
accepts de mani&re pharmacologique. 

21. Composition selon la revendication 1 , dans laqueile la sequence du premier peptide est d6riv6e d'une proteine du 
40 virus de I'inf luenza ou d'une proline du virus sendai. 

22. Composition selon la revendication 21, dans laqueile la sequence du peptide inclut la sequence TYQRTRALVTG 
ou HGEFAPGNYPALWSYA. 

45 23. Utilisation d'une composition selon I'une quelconque des revendications 1 a 22, dans la preparation d'un medica- 
ment pour entrainer une r£ponse immune chez un mammifere. 

24. Utilisation d'une composition selon I'une quelconque des revendications 1 a 22, dans la preparation d'un medica- 
ment pour inhiber une infection par HIV d'une cellule cible. 

50 

25. Procede de preparation de cellules T cytotoxiques amorcees de manure specif ique dans une composition s6lec- 
tionn6e, le precede comportant les etapes consistant a : 

(a) immuniser un animal a I'aide de la composition selon I'une quelconque des revendications 1 a 22, capable 
55 d'amorcer des cellules T cytotoxiques ; et 

(b) r6cup6rer des cellules T cytotoxiques a partir de noeuds lymphatiques de drainage dudit animal immunise. 
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FIG. 1 
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